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...Which one is best for your application? 
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Is this what you're like?——a study in depth of the design engineer 


SILICONE RUBBER MOLDS SHORT-RUN CASTINGS H A Smith 
Photo story shows 4 steps for casting quick, cheap parts 


ACCELERATION TIME OF MOTORS 


For special-duty cycles, these simple tests make choice easier 


. V B Honsinger 


CALCULATIONS FOR STEEL TUBING 


Nomograph helps with answers: weight, annular area, shear strength 


F Kaplan 


CALENDAR GIVES FAST LOOK-AHEAD O K Grade 


One quick subtraction finds interval between two work-program dates 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Ignorance about metals may hold back supersonic transports 
Glass fibers improve performance of cathode-ray tube 
They're trying ternary alloys for new magnets 

Metal screen converts LP gas to infrared 


New shape for retaining rings 

Pneumatic actuator provides one-contro! choice of speeds 
New data on thermal fatigue 

Testing lags behind equipment design 

Mobile arms move out of the lab 

Five-hp transmission reverses in 0.2 sec 


British developing piezoelectric transformers 
Soviets developing insulating magnets in paste form 
One generator thrives on other’s waste energy 
Clock motor runs 2 years on flashlight battery 


Special-shape cams reduce speed smoothly 
Pushbutton transmission has sure touch 


The chess-playing robot who beat Napoleon 
Simulated space chamber speeds Air Force components tests 
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ARMCO STEELS / for better product 


Stee! 


Galvanized gn 


Armco ZINCGRIP Steel 
Protects Against Rust and 
Corrosion at Minimum Cost 


Special hot-dip zinc coating that doesn’t flake or peel gives 
formed steel parts economical durability. 





If you are making parts like these— parts 
that require the strength of steel yet must 
have low cost protection against rust 
Armco ZincGriP Steel offers you opportun 
ties to save Money and improve product per 
formance. Here’s why 

Zincerie Street has the lasting protection 
of a full-weight hot-dip zinc coating (1.25 oz. 
or heavier). 











The special coating on ZincGrip won't flake 
or peel despite forming, drawing, piercing, or 
other severe working. 


Armco’s patented continuous process pro 
duces a zinc coating of uniform thickness and 
composition. 


For only a few cents’ premium over cold- 
rolled steel, you eliminate the need for plating, 
painting or other protection. 


The economy and durability of ZincGrip 
Steet has been service-proved in thousands 
of applications for more than 25 years. 





Let us send you complete information on 
Armco ZINCGRIP Steel so you can determine 
how its advantages can be most effectively 
used in your products. Armco Steel Corpo 
ration, 2370 ¢ urtis Street Middletown Ohio 


New steels are 
born at 
Armco 














ARMCO STEEL 





* 


field Division * The Nat 3} Supply Company « Armco Drainage & 
international Corporation + Union Wire Rope Corporation 
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, , ished Napoleon exclaimed “C'est juste,”” replaced his chess 


the news storv on p 15 
aalaiasiieh ) 0k Wie eked men, stuck to the rules—and lost. 
Ss ¢ t i TODOTS ~ > 
', In 1826, “The Turk’ made his American debut. As in 


none was more sensational a f , 
\ K;urope, he fascinated his audiences and usually defeated 


iS 


than the one that gulled \\ 
a A\\\G) his opponents. Newspapers and magazines tried to ex 


people for more than : ‘ 

hit : : : plain how the robot worked and most of them correcth; 
ighty vears—a mechanica —7 =u , : 
Rai ted bel vai ; . issumed that a small man was concealed in the box 
m SCa tcc chind a iarge ———— = - . 

ibinet, who played od > Before cach contest, however, Maelzel would open the 

et, 10 ayeda a COm- = f : 1 

dual fd doors of the cabinet to reveal nothing but clear space 
en ec game of chess -- : 
“ih, idulie i | ik I | nuts, bolts and wheels. Actually, the box was built with 
challengers through- 
t tl ; °  @ | 1 || trick panels and a false bottom so that a small man could 
r ie work 
==: conceal himself during Maclzel’s introductory inspection 
his chess plaver, called : ld 
he Turk +) ——— a When al! doors were shut, the hidden chess player could 
e Tw was the crea ; oe in 
en dad —=—— ————— cortrol “The Turk’s” arms with levers, observing the board 
on of a German-born im , 

' X : by looking at a duplicated board above his head The 
presario, Johann epomuk 2 
Maclzel, who had made a reputation throughout Europe a chessmen were magnetized; so thev raised or lowered littl 

i, { ‘ ‘ CLIO) Lie gin t ( 4 .) 1 
1 display S caieeiedlll dahlia titel I ans a , metal disks on the underside of the board when they wer 
splaver of unus sic machines. It was in 5 tha 
: moved Benedict A. Leerburger | 
he began exhibiting his marvelous new attraction. At first — 
Maelzel and the robot toured the European social circuit — Pree : = ; 
playing chess against dukes and princes. Then in 1809 SIDELIGHT 
Napoleon challenged the robot to sit down with him 


Mhe ‘Turk” willingly accepted and quickly defeated thc 


When our chief editor, Elmer Tangerman, publishe: 
his report on engineering in the Soviet Union How 


Moscow Designs,” July 14 58) we received more than 


emperor in their first game. During the second encounter 
Napolean decided to test his robot partner and made a 
false move The Turk” responded by rapping on the 
table, shaking his head and returning the chessman to its 


original location. Napoleon repeated his false move and 
The Turk” again responded with a rap, a head shake and Why describe how Moscow designs? Why not an Ame 


i return of the chessman. When Napoleon made a falsc can city?” Our reader had made a good point. So, or 
nove the third time, “The Turk” reached across the tabk page 27 of this issue, Propucr ENGINEERING present 


nd swept Napoleon’s pieces from the board. ‘The aston Designtown, USA.” 


150 letters offering comments and additional observations 
One reader's letter aroused particular interest. He aske 


NEXT WEEK IN PRODUCT ENGINEERING 


How to Solve Intricate Diecastings 


Their complexity requires adapting the usual casting procedure to special needs 


Ground Rules for Designing Sheetmetal Stampings 


Here’s how to improve performance of parts; yet costs of initial tooling and 
tooling maintenance are less. 


Spring Mechanisms—Force Analysis 


Mechanism proportions must be coordinated with choice of spring dimensions. 
These graphical methods minimize trial and error. 


Graph Sets Safe Tolerances for Cumulative Dimensions 


When design keeps adding on dimensions, this graph will help establish an 
over-all tolerance that is neither too conservative nor too risky 


Edge-coded Cards—They Analyze Experimental Data 


With them and two-variable graphs, you simply arrange results in the order 
you want, and the graphs plot themselves. 
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ALL NEW 
FRANKLIN 
STANDARD 
MOTORS 
WEIGH 

UP TO 30% 
LESS THAN 
ORDINARY 
INTEGRAL 
MOTORS 


Read about this engineering accomplishment on the next two pages ... aiso on the next page —news of 2 
contest for design engineers only!! 


{ 
\. 
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ALUMINUM CONSTRUCTION of the new Franklin 


the designer terrif weight ad 


ter heat dispersion and fre 
rr t 


PRELUBRICATED AND DOUBLE SHIELDED BEAR 
INGS absolutely exclude all contaminants, elim 
hief cause of motor bearing failure 
| labyrinth seal keeps the grease in the 

t of the windings 





Franklin Integral Motors 
are made of Aluminum... 








YET THEY'RE STRUCTURALLY STRONGER THAN COMPARABLE CAST-IRON MOTORS! 


Here’s news of a new, feather- How many times could you have 
weight motor you can apply now used these other Franklin features 


( ( ) | t 
oe 1. Pre-packed, double shielded 


Franklin Electric has designed bearings that absolutely exclude 
an integral HP motor that gives contaminants (chief cause of 
you the light weight of aluminum bearing failures in ordinary 

with a shock resistance greater motors). There’s an unusual 
than cast iron! labyrinth seal on the shaft that 

Aluminum frame, end-bells, ro- keeps grease in the bearings, not 
tor, and conduit box are combined on the shaft. And a grease res- 
to give you an average of 30% ervoir that practically elimi- 


less weight per motor rating nates the need for regreasing 


You actually design weight out Quick-connect terminal board 
of your product by using this new, that arrives pre-connected to 
lighter motor. You'll need less brac- your specified voltage No more 
ing and support. And the Franklin taping and wiring. Terminal 
lightweight is far easier to handle connectors make line connec- 
on your assembly lines. Less work- tions In a matter of seconds 
er fatigue, faster assemblies. What's - 

Iwo-year guarantee from date 
more, your shipping costs go down 
: : of manufacture. 

automatically with the over-all 


weight reduction! 


Inherent protector space bu 
in to the conduit box. The clean 
lines of this motor will stay 


clean. No add-ons. 


Identical NEMA single 
polyphase motor frame 
They're completely interc! 
able, so you need carry 


extra bases in stock 


And plenty more designer-request 


ed features that can help you cut 
costs and increase the efficienc: I 
your motor-driven product. For the 
complete story, just send in couy 
below for a free, full-color 
chure which explains this new 

tor line in detail. And while you'ré 
at it, enter the Franklin “Name t 
Aluminum Motor” contest ex- 
plained below. Send in the coupon 


today. 


Aluminum has other advantages J | or Electric Co., [ec ° 


for you, too: greater thermal con- 
ductivity for cooler running, and 
a high resistance to rust and cor- 
rosion. 


BLUFFTON, INDIANA 


Name the Aluminum Motor Contest... for Design Engineers only ! 


WIN A FULLY EQUIPPED STARCRAFT ALUMINUM BOAT AND EVINRUDE MOTOR! 


Send your suggestion for a name for the all-new Franklin aluminum motor on the coupon 
at right. First prize—a 16 ft. Starcraft aluminum “Jupiter” runabout and a 40 h.p 
Evinrude outboard motor. Twenty additional runner-up prizes of deluxe aluminum golf 
carts. Enter now, while the coupon is right in front of you. Here’s all you have to do 


1. Send to Franklin Electric Company, Inc., your name suggestion, which reflects either 
a use or a feature of the motor. For example: OEM motor, Alumaline motors, etc 
Send as many names as you please 


Prize winners will be chosen by an impartial panel of judges who are not employees 
of Franklin Electric Company, Inc 


Name 


SEND YOUR ENTRY TO: 

Franklin Electric Company, Inc. 
Name-the-Aluminum Motor Contest 
Bluffton, Indiana 





Your entry must be in by February 28, 1961 





There’s nothing to buy—just send your name suggestion 





That's absolutely all there is to it. In addition, your entry will automatically bring 





you a full-color informative brochure on the new Franklin aluminum motor 


Employees of Franklin Electric and its advertising agency are not eligible to par 
ticipate as contestants. Contest offer not valid in states which prohibit such contests 
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DEVELOPMENTS TO WATCH... 


British developing piezoelectric transformers 

'ransformers that use a small bar of piezoelectric ceramic material in place of the 
usual windings and magnetic-field systems, and that can be operated at temperatures 
to 500 F, are being developed at Brush Crystal Co, Hythe, England 

Che idea of using the piezoelectric effect in voltage-sensitive devices is not new; 
but, says Brush, satisfactory units could not be built with previously available piezo 
electrics, Now, with new materials (notably the lead zirconate-titanate ceramics), 
transformers can be constructed that “complete favorably with conventional types 
in certain applications 


Several models have been built, including ring 


g and transverse type 

lhe transverse-type piezoclectrics offer the most immediate promise. In a_ typical 
unit of this type, a bar of ceramic is coated on top and bottom surfaces, for one-half 
its length, with electrodes; and is polarized between these surfaces. ‘The uncoated half 
is polarized transversely (across the width of the bar Then, by applving an alter 
nating voltage between the clectrodes, the bar can be excited into a mechanical 
resonance along its length, producing a strain in the uncoated half which is transformed 
into a voltage appearing across electrodes attached at the ends 

lor frequencies in the 40 kc/see range, a bar 14 in. in length Input, output 
voltage ratios from 1:1 to 500:1 can be obtained 

Brush emphasizes the work is still in its early stages, but says initial results show 


considerable promise for generating high-voltage pulses 


Soviets developing insulating magnets in paste form 

New magneto-dielectric materials are being developed at the Uzbek Academy ol 
Sciences, a Soviet technical publication reports, by imcorporating maguetic powders 
n synthetic-resin binders. ‘The resulting “paste” can be used as a coating, o1 molded 
to shape before curing 

The pastes have low eddy-current losses, the Soviets say, and their magnetic permea 
bility can be varied over a wide range. The materials are expected to be particularly 
useful in small electrical equipment An English abstract of the Soviet report 1s 
contained in CIA publication ‘T-49, available from OTS, Washington 25, DC as 
PB 131891 
Not Mor 


New shape for retaining rings 


Plastic washers, with a double-convex (I-shape) cross-se¢ 


hint 
Lit 


which squash down to fill and cushion the space between bolt 
ind nut have been developed by Dubo-Borgringen of Holland 
for service under extreme conditions of shock and vibration 
Made of nylon, they're said to be serviceable from 70 te 
250 F under static loads and at least to 175 F under dynamic 





oad. Resistant to most chemicals and oils, thev can also serve 
is Huid seals 
lests at the T.N.D. Institute of Delft indicate that maxi 


mum creep ; nicrons for a bolt under a tensile stress of 

















9500 psi) is reached within 10 hr, and no further elasti 
ifter-effects could be detected so long as the temperature 
remained unchanged. An additional turn, when maximum 
temperature is reached, will compensate for thermal changes 
l'o go with the retaining rings, locking rings and a locking 
nut have also been designed. The rings are steel-toothed units 
that press into the plastic to provide metal-to-metal contact 
with the underlying surface; and the locknuts have a specially INITIAL SHAPE of nv 
designed recess into which the plastic collar fits. lon rings is shown in 
A 6-page summary (in English) of the Institute report on “PPer diagram: com 
pressed shape below 
the retaining rings, and a comprehensive brochure (in ote how material feeds 
Dutch), may be obtained from N. V. Dorned, Herengracht in between threads as 


331, Amsterdam, Holland ring is seated 
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Pneumatic actuator provides choice of speeds with one control 
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From Monsanto FluiDesign Service... 


Monsanto can supply you with a 
p i 7 LE series of dielectric liquids that offer 
the optimum combination of proper 
ties for liquid cooling and insulation 
Many of the fluids described below 
are now used commercially in capac- 
itors, transformers, “‘miniaturized” 
electronic packages, cables, ampli- 
fiers, solenoids, thermostats, com- 
puters, and circuit breakers. 


Examples: 
. In electrical equipment such as 


transformers, Monsanto’s askarel- 
type fluids offer a series of fire 
resistant dielectrics. These fluids 


make a firesafe liquid-fill insulation 
for equipment that then may be 
located in operating areas without 


special precaution or costly shielding 








B. As impregnants for premium- 
quality capacitors, high dielectric 
Monsanto fluids permit a substantial 
decrease in capacitor size-—about 50- 
60% —compared to oil-impregnated 





® ® 
Dielectric Fluids —- —" “aaa 





Properties 





Dielectric Strength, 
25°C, 60 eps, 1... . . 44KV 27KV 


Dielectric Constant, 
OE eee 2.46 “ee 2.2 
(10*cps) (10%cps) 








Volume Resistivity, 


ohm-em, 25°C . 2. 2s we 6.7x10!18 rye 9x10 


Power Factor, % 


fe 0.006 dese 0.4 
(10%cps) (10*cps) 








| Viscosity, CS 
me 6.4 + 6 6 a6 6 4 934 2400 
RS. Saha hb ae we ee >. 6.5 12.2 
er ee eee 2.2 2.2 3.95 


Pour Point, °F. ......| - <—85 <—85 


Boiling Point, °F 
awn 6 wv se eo -600 - 700 


Fire Point, °F 
Cleveland Open Cup . . . 435 430 430 460 


| Thermal Conductivity 


Btu/hr/ft/ft?/°F . 2... 0.077 0.079 0.080 0.063 


| Specific Gravity 
ad 0.88 0.89 0.89 1.18 1.26 


Coefficient Thermal 


Expansion, per°F ... . 0.00046 0.00047 0.00048 0.00039 0.00040 
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capacitors. Because their dielectric 
constants are closer to those from 
the capacitor paper itself, they help 
achieve a more evenly distributed 
dielectric stress than is possible with 
mineral oil. 


C. Monsanto’s coolant-dielectrics 
dissipate heat and operate liquid- 
cooled power packs, magnetrons, 
traveling wave tubes, klystrons with 
precise temperature control. Liquid 
cooling with these dielectrics permits 
mimaturization of electronic com- 
ponents, conserves size and weight. 
These special synthetic fluids are 


MEAT EXCHANGER 
| 
ns Se a 
> rT 


whe 





fluid 
fluid 


and the single 
the 


also lubricants, 


can double as hydrauli 


Aroclor Aroclor 


activator for tuning mechanisms as 
well as the coolant for the elec- 
tronic unit. 

This schematic circuit (at left) shows 
how Coolanol 45 liquid cools a 
klystron. Pumped around the collec- 
tor, Coolanol 45 absorbs surface heat 
from the tube wall and carries it 
away for dissipation in the heat 
exchanger. 


Check the fluids shown for applica- 
tion in equipment you are using or 
developing. Monsanto can supply 
you with a dielectric fluid for vir- 
tually any electrical or electronic 
application, can be most helpful in 
guiding you in the early design 
stages of equipment that will require 
a liquid dielectric. 


A sample of the fluids shown will be 
sent to you for evaluation on request 
Please specify the particular fluid 
that interests you and state the 
nature of the application so that 
pertinent details can be sent you. 
For further information on available 
fluids, request a copy of FluiDesign 


Service’s FLUID DATA FILE 


Aroclor 
1260 


Biphenyl 


Simply write on your compan 


letterhead. 


HB-40 


Monsanto Chemical Company 
Organ Chemicals Division 


FluiDesign Service, Dept. 2766 


St. Louis 66, Misseur 


Santowax 























46.4 
6.14 











50 





689 714 





640 


662 698 


j 





0.057 


0.054 0.051 ‘| 








1.45 


1.54 1.62 





0.00038 0.00039 








0.00037 0.00037 | 
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Try ternary alloys 
for new magnets 
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FROM WASHINGTON ... 


Simulated space chamber speeds Air Force component tests 


Ihe largest space-environmental simulation chamber in the US is going into 
service at the Air Force’s Arnold Engineering Development Center, ‘Tenn. It will 
test the functioning of materials and components under space conditions 

Top priority for chamber tests is the Air Force’s ultrasecret SAMOS spy satellite. 
Engineers want to determine whether rocket engines for sending the satellite 
back to earth will ignite properly. Camera operations and other instruments going 
into the SAMOS will also undergo extensive tests in the chamber. The hope is to 
improve reliability of the satellite in the test chamber rather than through the 
more expensive method of test launchings 

\n extensive programa of testing new materials under space conditions is also 
planned for the new space chamber. Simulated manned space experiments can be 
run in the facility, but these will be secondary to material and reliability tests. 


Navy rebuffs proposed Defense reorganization 


\ major revision of the Dept of Defense has been proposed to Pres-elect Kennedy. 
Prepared at Kennedy's request by a 6man committee headed by Sen Stuart 
Symington (D-Mo), the report has evoked sharp criticism from the Navy 

Basically, the report aims to strengthen the power of the Secy of Defense whil 
paring individual services’ autonomy. For example, it calls for abolishing some 
22 Assistant Secretary and Undersecretary positions in the Pentagon 

Navy foresees the plan as a means of bolstering the Air Force bid for a singk 
service. And, as such, the admirals want no part of the plan. Navy brass has 
unleashed sharp criticism of the Symington plan, blasting it at every opportunity 

Industry shows mixed reaction to the measure. ‘lheoretically, it would trim 
much of the red tape now entangling military contracts. But some industr 
representatives fear it would concentrate military business among a smaller segment 
of industry. Others say just the opposite 

Congress is sure to want long debates on the issue if Sen Kennedy tries to adopt 
the Symington plan when he becomes President. Forces are already being formed 
to both support and oppose the measure. But few observers expect either Congress 
or Sen Kennedy to seek all proposed changes. 


New directory issued of missile ground-support equipment 


New defense directory of missile ground-support equipment is now available. | 
third such directory to be published, it lists by service—Army, Navy and Air For 
ill component parts used in ground-support cquipment, and the name of the pers 
responsible 

Vitled “Technical Resources Directory—Missile Ground-support Equipment No 
3, PB 161535,” the 25-page directory was compiled by the Research and Engineering 
Office of the Dept of Defense. It may be obtained from Office of ‘Tech 
Services, US Dept of Commerce, Washington 25, DC Cost is 75¢ 


Fuels proposed to combine advantages of solids, liquids 


Future space and missile rockets may be designed to burn a mixture of solid and 
liquid fuels. ‘That is what the experts are now predicting. Called hybrid fuels, 
thev combine the advantages of both fuels and are potentially superior to either 
single type of fuel. ‘Technologically the hybrids will soon be possible, the experts say 

A low-cost method of producing liquid hydrazine is reported by Acrojet-General 
It entails producing hydrazine from nuclear reactors, a process that reportedly cuts 
the fuel’s cost from around $2 Tb to 25¢ Ib 
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60 YEAR OLD 
STORAGE PROBLEM 
SOLVED! 


Mr. Diserens (left) inspects a'Cronafiex" reduction with Robt. E. Thomas 
of Arrow Biue Company, Cincinnati Shaper Company's biuveprinter 


Versatile Cronaflex® Makes Possible Money-Saving Miniaturization Program 


Finding a way to reorganize and consolidate a 
60-year accumulation of engineering drawings 
posed a real problem for Cincinnati Shaper Com- 
pany—until the firm learned of “Cronaflex’’* En- 
gineering Reproduction Films. As Chief Engineer 
Ralph Diserens tells it: 

“By making reductions on ‘Cronaflex’ of all 
usable drawings, we've cut storage needs 75 per 
cent without the expense of costly new equipment or 
changes in present methods of operation. The supe- 
rior matte surface of ‘Cronaflex’ makes drafting on 
the reductions easy. And prints made from them 
are as easy to read as those made from originals 

if not easier. The ‘Cronaflex’ reductions are also 
a lot more durable and take repeated handling 
without damage.”’ 


Cincinnati Shaper Co. has now standardized 
on “Cronaflex”’ for all its engineering reproduction 
requirements. They estimate that total savings in 
terms of reduced drafting time, lower print costs, 
improved shop efficiency and reclamation of draw- 
ings that would otherwise have to be retraced 
all made possible by “‘Cronaflex’’—will pay for 
the program in eighteen months. 

Concludes Mr. Diserens: “Not only was 
‘Cronaflex’ the perfect solution to our problem, 
it was the only workable one!”’ 

Clip and mail the coupon now for further de- 
tails on this miniaturization program or for more 
information on how ‘“Cronaflex’’ 
step up efficiency and cut costs. 


ean help you 


* Du Pont’s registered trademart engineering reproductior 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


6 u 6 par OFF 


E. |. du Pont de Nemours & Co. (Inc.), Photo Products Dept. PE-12, Wilmington 98, Del 


1 am interested in further information on: 


Miniaturization Program of Cincinnati Shaper Company 


The Full Line of “Cronaflex” Engineering Reproduction Films 


Name 
Firm 


Address 


14 CIRCLE 14 ON READER SERVICE CARD 
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THE ENGINEERING WEEK 


Mobile Arms Move Out of the Lab-—Go Under the Sea, Out into Space 


Second generation of articulated 
arms are remotely controlled, can 
be programed to follow a_ se- 
quence of actions. These character 
istics free them for underwater and 
space exploration, servicing, and 


retrieval. 
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IF LUNAR EXPLORATION MATERIALIZES, it will be 
done by a vehicle that looks something like this, according 
to AMF. Capsule suspended from boom at side of vehicle the work involved in setting up 


urrent and 48 signal channels. Cun 
ent originates at 480 volts, and what 
ver voltage arrives is normally further 
Because the cable is 
lender, RUM cannot operate from 


1 floating ship where the cable 1 ight 


reduced for us¢ 


xe dragged along the ocean floor 

\ troublesome design problem, 
ding to Anderson, is traction. | read 
yressure of the tracks on the ocean 
floor must be kept under 1 psi and in 


With highe 


ires, ground squirts out from un 


some areas under $4 psi 
hicle and it sinks 


ho 


THIS MECHANICAL CLAMP, slightly 
adapted for underwater corrosiveness 
and pressure, will be the working arm 
of RUM, the Scripps underwater ve 
hicle. Arm can swing and rotate at the 
shoulder joint, swing at the elbow, ro 
tate at the wrist; its hand can grip an 
object with 280-lb pressure, and ope! 
7% in. wide. The arm has three steps 
n speed and power sequence 


16 


the Mermat, an underwater vehick Vs, and 
developed by Vare Industries of Ro ibles, such as AT&T, see it as a p 
selle, NJ 


ocean floor, driven by three fans iso be 


fans are controlled from a conso 


on board a surface ship ork-performing 


could carry a man. His job would be to operate a control 
console for the mechanical arms that would do much of 


a base 


ompamies with underwat 


Mermat 


programed to perform 


Mermat glides above th« sible inspection device 


two vertical and one horizontal. ‘Th« fixed routine, then turned loose as an 
vertical fans at port and starboard turn 
the craft right and left, the horizontal 
fan raises it to the surfacc hes 


inderwater submarime<lecoy 
E.quipped with arms, Mermat can 
lso work underwater. Unlike relate 
inderwater craft, the Mermat and it 
k iccessores are 
Chis unit is expected to | rate unit Ihe 
inety of ipplic itions \t 


vehick deli 


presel lamps, claws, or other instrument 
: 


t's being used by the militan to the ocean floor, then returns t 


retneve test missiles. Oul compani¢ ! control lines 


ire interested in it for geological sui cc lof t chick balance 


HUGHES MARK I! MOBOT HAS TWO ARMS, each capable of 10 different 
movements. Arms have three joints—shoulder, elbow and wrist, and each of 
these has two degrees of freedom. The hand extends 3" in., rotates 360°, and 
opens 4 in. Pads on hands inflate to assure light touch with delicate object 

Two other arms support TV cameras that scan horizontally and vertically. The 


control cable. linking Mobot with console, carries 100 command channeis 
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nechang Defense Official Warns Industry: Cut Costs—or Else 
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Hydrofoil Craft Bids for World Speed Title 
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TV Serves as Second Microscope France Names 7 New “Sages” of Science 
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TRENDS IN APPEARANCE DESIGN 


MARINE RADIO-TELEPHONE 
, mil with weathert 
be mounted 


place d o1 


PORTABLE ELECTRIC GENERATOR’S in 
tegrated look probably results from the fact 
that natural shapes of its generator, engine 
ind flywheel cover have been allowed t 
onstitute their own styling, without any 
any artificial decoration or superficial 
enclosures. Generator is actually a arma 
nent-magnet alternator, with magnet cor 
nected directly to engine shaft. Brushes 
slip rings, commutators and belts are elimi 
nated tated at 3000 w, 115/230 v, 60 eps 
single-phase, unit is powered by a rope 
started, 1l-cyl t-cycle aircooled gasoline 
engine. Manufactured by Borg-Warner Corp 


Pesco Products Div, Bedford, Ohio 
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NOT THE SIZE OF THE JOB 


but the demand for positioning 
accuracy determines the need for 


BEAVER BALL SCREWS 





Our engineers will be 
glad to work with you in 
determining if ball screw 
actuation belongs in your 
product as opposed to 
hydraulics or pneumatics 
Call on us 


Raytheon uses this Beaver Ball Screw in 
the “Hustler” search radar to actuate a 
delicat®and extremely precise instrument 
control — everything else is classified, 
except that you can hold it between two 
fingers! 


One of the largest ball screws ever built. 
This 40 foot Beaver Ball Screw positions 
the carriage of a giant steel mill roll lathe 
designed by the McIntosh-Hemphill Div. 
of E. W. Bliss. Chief advantages were 
minimized break-away friction and re- 
duced power 
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In many metals including... 
STAINLESS STEEL 
MONEL « NICHROME 
: . ~ PHOSPHOR BRONZE 
Editors Note cade L a - ALUMINUM 
e of the followin lumes (text BRASS « COPPER 


For many uses involving 


FILTER CLOTH e SIEVES 
STRAINERS « SCREENS 
BACKING CLOTH 

WIRE GUARDS 

: BOLTING CLOTH 
COMING EVENTS — SPACE CLOTH 
DECEMBER BASKETS 





lf you have a tough corrosion problem and need wire 


JANUARY cloth or wire cloth parts, here’s a source of supply that 
9-11 knows the answers. We. are proud of the quality of our 
nt \IEE, ASO 


cloth...accurate mesh count, close tolerance wire di- 
ameter, precision weaving...plus the know-how neces- 
sary to specify the proper alloy for your service conditions. 


, 


Write or call us today if u have a problem 
NEWARK oe ae pigs 
of calling for anti-corrosive wire cloth or wire 
for 
i ACCURACY cloth parts. Send for Bulletin F-C 


fe RI Re me ag te 
'W dind St NY 36. Ask for be COMPANY 


RK 


r¢ 





351 Verona Avenue * Newark 4, New Jersey 
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finest engines 
in the 
2 to 5 hp. class 


Specify a power plant that matches 
the quality you've built into your 
portable equipment. West Bend’s air 
cooled, 2-cycle engines are carefully 
engineered and thoroughly tested to 
provide top performance and cus 
tomer satisfaction. A wide range of 
factory tested optional equipment 
lets you tailor the engine to your 


exact needs 


ee 
WEST BEND 


Forged steel 
crankshaft 
Carburized and hard 
ened. Bearing and 
seal surfaces are 
precision ground 

and super 

finished 


Anti-friction 
bearings 


a Crankshaft has ball bearing on 


drive end; roller bearing at 
magneto end. Rod has roller 
rings at both ends 


SPECIFICATIONS 

TYPE Horizontal or vertical mounting 
air-cooled; 2-cycle, clockwise or counter 
clockwise rotation (at drive end) 
MODELS 
SERIES 390 Displacement 3.9 cu. in 
Rated horsepower 1.6 at 4000 rpm 
SERIES 580 Displacement 5.8 cu. in 
Rated horsepower 4.0 at 4500 rpm 
SERIES 700 Displacement 7.0 cu. in 
Rated horsepower 5.0 at 4500 rpm 
IGNITION Wico flywheel type magneto 
FUEL SYSTEM Float feed carburetor is 
standard; diaphragm type carburetor 
with integral fuel pump is optional 
VALVES Reed type; corrosion resistant 
FOR MORE INFORMATION 

Write for colorful illustrated catalog 
on West Bend’s complete line of Power 
Bee engines. Ask about the test en 
gine program 


WEST BEND ALUMINUM CO. 


Dept. 1441, Hartford, Wisconsin 
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1 treezeproof water hos« When 

irmy personnel lav temporary water li bfreezing w 

ilwavs the risk that the hose will free part if the flow 
lo keep the hoses open and reduce t hat bursting, an 
cated jacket could be built into the h heater w 

material with resistance that increa \\ a iSINE temperatul 
vould be applied only to those areas wh emperature dropped 
fixed level The hose might be made thi r a heat-insulating co 
would be a concentric core of the material with negative t mperature coeff 
cient With resistance inversely proportion o temperature old 


would have highest resistance and therefore gencrate the most h 


spots will not generate additional heat (and thu ra urrent) bu 
onduct current to the affected areas ) “ upp would kee 


the current low when the hose was in no d [ ne | Bren 


electron £ CVICK ror Spo! event 
Klectrical scoring now standard for fencing an 
dueling events; \ 10t apply some of the sam 
technology to bascel football and mfle match 


\ matrix of p ( r an clectromechanica 


scanner could s¢ n umpire in baseball, f 
examp! Refi 1) rom a suitably colore 
ball would indicate rik ind balls Or hov 
ibout mall portab similar to the on 
the army us ra I shell to follor 
the path of a baseball. With data fron | ( mall compute 
officials and radio announcers would ki n fore whether the ba 
vould land fair, foul or over the fenc 
Spectator interest in rifle and_ pistol 
hots were recorded electronically n imag I ing would 
focused on a grid of photocells which wouk mnected to a light-boar 
to show where each shot hit Total sce h target would bi 
puted and displayed below the large electt In footba 
ighting device like the tracking tel opes ollow missil vould 
lish the exact position of the ball on the field data from the X, Y 


Z coordinates of the ball’s position relative | ighi, it would 
+ +h 


gained or lost, and vards to first-down, w 


hains 


1 ill urtain hatt Ca bial 


I 
ind public buildings Air would be 


used to keep cold air out of dooriess supen 


through the center of the shaft and out 
porous bronze section in the shaft 

provide an effective seal between enclosed ar 
different temperature, pressure O1 humudit 
would not have to be lubricated or repla 
because of wear. At high rpm, radial hol 

be angled so that centrifugal force would at 
matically pump the air and contribute t] 
effectiveness of the seal GD Pm 


Have you a problem, based on known scientific principles, which seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 
paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
have a fresh viewpoint or more time to experiment. We poy $10 for each one accepted 
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study 


Endless articles appear in the popular press discussing the 
engineer and his characteristics, now that engineering is being in 
popularly recognized. But what is the engineer really like? What depth 


does he think of himself? What do his boss, his wife, his associates 


of 
the 


think of him? Where is he going? Are his attitudes changing? 
To answer these questions, PRODUCT ENGINEERING asked an 
experienced business historian to make a detailed study. He spent design 

the summer of 1960 interviewing engineers and others in a city engineer 
carefully selected by our editors as ‘average’ according to 

national statistics in terms of its size, engineers per thousand of 

population, types of industry, companies, and other factors. His 

report, on succeeding pages, is a fascinating analysis. He has 


held up a well-polished mirror to all of us. The subjects 


. Selecting an Engineering Career 

. Education of an Engineer 

. The Engineer at Work 

. Opportunities for Advancement in Engineering 
. The Engineer in the Community 


. Professional Status of Engineers 






































DR JAMES H SOLTOW 


To implement study of the design engi 
neer at work and at home, Product 
Engineering offered a business fel 
lowship this past summer through the 
Foundation for Economic Education 
From the applicants we selected Jim 
Soltow. Here are some pertinent facts 
about the man we chose 

Dr Soltow teaches in the History 
Dept at Michigan State. He has pre 
viously taught at the University of 
Pennsylvania, Hunter College, Russell 
Sage College, and was in 1958-59 a 
business history fellow at the Graduate 
School of Business Administration, 
Harvard University. He’s had two 
earlier fellowships, had his bachelor’s 
degree from Dickinson College in 1948, 
has published studies like these: ‘The 
Business Use of Business History,” ‘The 
Small City Industrialist, 1900-1950, 
“Small City Industrialists in the Age of 
Organization,” “The Role of Williams 
burg in the Virginia Economy, 1750 
1775,” “Scottish Traders in Virginia 
He was described to us as “‘able, intelli 
gent, dedicated, quiet, tactful, pleas 
ant and agreeable.” These he is, and 
a canny student and observer of 
people as well. In the Speciai Report 
that follows he has characterized the 


engineer so well he makes us squirm 























selecting 


Why are engineers engineers? Good at math 
and science in high school? Parental inspira- 
tion? Aptitude tests? Or does the choice just 
“come naturally”? Here are some answers. 


4 paradox shows up immediately. Despite the 
emphasis that engineering places upon logical selec- 
tion among alternatives, most of the engineers 
interviewed admitted that their own choice of a 
career was not made in this way. An exception 
was the man who took an occupational aptitude test 
when he was of high-school age and followed its 
pointer in the direction of an engineering career. 
(Even in his case, the test showed that he was as well 
suited for accounting as for engineering.) 

Most engineers, though, reported ease and pro- 
ficiency in mathematics and science courses in high 
school. Model-building and shopwork held more than 
average interest for them. One man described him- 
self as a “real whiz” in shop courses in school. 
Several pointed to an interest in drawing at an early 
age. Generally, interviewees stressed their desire and 
ability to create and build things to explain why 
they eventually chose a career which involved the 
practical application of science. 

In selecting a career, many prospective engineers 
were following in the footsteps of their fathers. As 
one individual pointed out, “It was always presumed 
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For this survey, we selected as nearly 
a typical city as possible, in terms of 
size and diversity of industry, engineers 
per thousand of population, and like 
factors. The city is not known for some 
particular industry or product, is 
centered in an industrial and market 
region, has high population density 
and manufacturing volume. Educational 
institutions are good, educational and 
cultural attainment levels high. Sup- 
porting services and utilities are ade- 
quate, transportation is good, civic and 


typical 


industrial city 


recreational facilities superior, govern- 
ment is progressive, but taxes are high. 
There are some housing shortages, 
traffic problems, questions about school 
curricula—in plain English, the city is 
as typical as we could find. 

It has only six plants employing over 
2000 people—none much over 10,000 
—11 between 500 and 2000. Populo- 
tion is in the 200,000 class, so there ore 
over 70 elementary schools and al- 
most 25 high schools, with about 1000 
teachers. 


an engineering career 


” 


that I would become an engineer.” Not always did 
sons of engineers have a very clear view of engineer- 
ing. When required to sign up for his major field 
in college, one man selected electrical engineering 
because he thought that his father was an electrical 
engineer, only to change his courses when he learned 
that his father was a mechanical engineer. 

Other prospective engineers became acquainted 
with the field of their future careers as a result of 
experiences during World War II. For example, 
one man grew up on a ranch in Kansas believing 
that an engineer was the driver of a train. As a 
result of tests administered when he entered the 
service, he was sent to school to learn radar, which 
formed the basis for his interest in electronic engi- 
neering. . 

Regardless of how they happened to embark upon 
engineering, probably most engineers would agree 
with the individual who stated that he was only 
following “the path of least resistance” in pursuing 
a career based upon his interest in things scientific 
and technical. 

Even those who viewed engineering as a “good 
field” in terms of future economic opportunities did 
not usually determine early the particular field of 
engineering which they 
example, one individual started in civil and switched 
to electrical when he became better acquainted with 
the different areas of interest. Another stated that 


wished to pursue. For 
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he chose between chemical and mechanical « 


ing on the basis of “a flip of the coin.’ 

Prospective engineers attempted, when selecting a 
career, to determine in at least an intuitive manner 
the extent of their own talents—aptitude in science 
ind mathematics and a bent toward tinkering with 
mechanical things—then to find a field where these 
talents might be most profitably utilized. That so 
many men fell into their chosen fields almost by 
chance would seem to indicate a failure in dis- 
semination of knowledge about opportunities in engi- 
neering and its various fields to qualified individuals. 
Only in recent years, apparently, has any serious 
attempt been made to meet this need 

Most interviewees think that their choice of engi 
neering was the best one for them. There are, in fact 
only two exceptions. One is the man who went 
directly from engineering graduation into the serv 
ice and felt he was “rusty” when he got out. He 
went into personnel work, but his engineering train- 
ing 1S apparently helping in recruiting and hiring 
engineers because he “speaks their language The 
other is the executive vice-president of the local 
manufacturers’ association, who left the profession 
ifter he got his degree in the 20's. He went into 
newspaper work because he couldn't find the kind 
of job he wanted. Here, too, there is a question 
depression job conditions or personal preference? 


next page 





Vuch has to he learned ¢ 


Should the embryo engineer specialize? How 
current are curricula? Can the employer be 
expected to help train? Just how valuable 
are humanities? How long should the curricu- 
lum be? 


All leve 
nent t 
enginee! 
damentais rather tl narrow sf lahization 


lan pointed out, engu ng “would ha 
split into many categories a i person 
directly from college to a ob without 


training by the employ Another explained th 


today’s technology is “too complicated for mear 
ingful specialization in college; with a good ground 
ing in fundamentals, an able individual can leart 
to do almost anything.” Or this fron 

There are so many avenues of development for the 
engineer that much has to be learned on the job 
Furthermore, few students can know early enougl! 
the specialized area | vhich they will want t 
pursue a Career 

Broadly speaking, the large company tends to hire 
talented and broadly trained individuals and to work 
them into specific jobs after they've had an oppor- 
tunity to try several during their first year with the 
company. The small organization cannot afford this; 
its new engineers are expected to start carrying their 
weight as soon as employed. This may make it neces 
sary to “chop up the work,” as one manager put it 
to make the new man or men able to contribut 
Basically, the big organization can usually fit 
job to a good man; the smaller one must find 
man to fit the job 

One manager maintained that it is the responsi- 
bility of the employer to decide the specific applica- 
tion of the fundamentals learned in school. An 


ii...education of 


c Vin 
ecni 


recruit I 


dents’ fields 
employe Wi 


tion 


ematics in engimecring 
particularly those 
companies rgeus that 


| 7 | n 
cecu oO | teliCal aspe, 


\ manager, 
formerly a university professor, decried the recent 
tendency “to go overboard on the scientific side 
into exotic fields which are not needed in industry.” 
“Too much theory, not enough application,” com- 
mented a young engineer, “new people don’t know 
how corporations work.” One manager pointed out 
the need to tie principles more closely to practical 
application, but that this should not go as far as 
teaching shop-type courses. What engineers need 
most from their formal educational experience, and 
sometimes lack, is greater ability to define and 
approach engineering problems. That academic inst 
tutions have been moving in this direction, toward 
practical application, was noted by a young man 
who saw the shift in his own alma mater (Univer 
sity Minnesota) between 1955, when he secured 
his BS, and 1958, when he returned to do graduate 
work 

Opinion w d ¢ the role of nontechnica 
subjects in the education of the engineer, reflecting 
in turn differences among academic institutions and 
the experience of individuals. Some pointed to lack 
of ability to communicate as the greatest short- 
coming of college curricula. One man stated that 
he knew of engineers who worked out creative ideas 
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the engineer 


in the early years of their careers, only to give up 
in futility when they found themselves unable to 
express the ideas to others. However, an engineering 
manager, formerly on the faculty of eastern ul 
versity (NYU), commented that he personally knew 
of tew “horrible ex ples” of terate engineers 

Ihe situation has become great eXaggerated 
the public mind.” While differing on the extent of 
the problem, all agreed on the importance of effective 
presentation, oral and written. “Ideas have to be sold 
to be effective.” 

Some engineers regrett tl ill amount of 
liberal arts in their formal et cation. One indiv 
| 


pointed out that the M e for only six 
hours of electives in hun t of the total un 
versity requirement of 15 hour graduatior 
(Syracuse Univ). Yet the ofessor-turned-manage 
believed, on the basis of his own experience in the 
academic world, that the public has a misconception 
of the supposedly narrow scope of the education of 
engineers. He maintained that prospective engineers 
had wide opportunities to pursue nontechnical inter 
ests in college, and that those who ducked the 
opportunities were generally the poorer engineering 
students 

What is the role of the humanities and social sci- 
ences in the education of the engineer? The manager 
of a medium-size company producing power tools 
held that training in the liberal arts was valuable to 
the engineer as a person, but not particularly useful 
from an engineering point of view. Another engineer, 
who reported broad interests in music and literature, 
classified these subjects in the “nice-to-know” area 
which might, under pressure of time, have to give 
way to the “need-to-know” subjects of engineering. 

Another aspect of educational background was 
stressed by several graduates of engineering schools 
of Ivy League universities. They pointed to the 


general climate and strong liberal-arts tradition of 
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tion of the engineer, there 
was widespread sentiment in favor of extending the 
period of engineering education to five years. Yet 
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smaller durable-goods company maintained that 
many colleges are too lax in requiring students to 
exert individual effort 

To some perceptive engineers, the need to stimu- 
late creativity was a problem of much more im- 
portance than that of the number and content of 
courses. If individuals are not stimulated during 
college years to make searching inquiry about doing 
new things in new ways, they are not likely ever 
to do so. This has a very practical aspect for the 
potential engineer as well as for industry. What 
about further training? Engineers generally accept 
the term “commencement” in its literal meaning 
Four years of study marked by a degree represented 
only a preparatory program for the understanding of 
their particular phases of engineering 

[The large corporation usually has placed its 
recruits fresh from the campus in a rotating program 
which includes a year of assignments in three or 
four of its installations. In this way, the individual 
is encouraged to seek the type of work for which he 
believes he is most suited. Smaller companies, unable 
to support an extensive “breaking-in” period for new 
personnel, have sought to get men “on the first 
bounce” after they have been “seasoned” in a large 
corporation. 

To enable its engineers to keep abreast of new 
developments im fields of rapidly changing technol- 
ogy, a large electrical-equipment company offers 
technical courses on a regular basis. These courses 
are generally given on company time by employes 
of the corporation who are experts in their particular 
fields. One engineer described the courses which he 
took as “real eye-openers” to what was going on in 
his field. Another reported that the company courses 
were “much more rugged” than graduate courses 
which he had taken in a leading engineering school 
(Georgia Tech). 

To fill in gaps in other facets of the education of 
the engineer, the corporation has also developed a 
series of courses in effective presentation (written 
and oral), professional management, and the like 

Large and small companies alike have encouraged 
their employes to take courses in the evening division 
of a local university. One large corporation, for 
example, pays 75% of tuition charges when th 
individual completes a course and the remaining 
25% when he secures a degree. Another large com 
pany pays 75% of total costs at the time of enroll 
ment, the remaining 25% if the student receives a 


The company paid for a course in history 


rade of B or better. A smaller company pays 50 
of costs of courses taken for a degree, the entire cost 
only if the course is work-related. In some com 
panies stipulating that the course be work-related, the 
term is defined very loosely. For example, on engi 
neering manager reported that his employer paid 
for a course in world history which, it was held, 
made him more valuable to the company by broad- 
‘ning his outlook. 

Although most companies grant leaves of absence 
to engineers who want to devote full time to 
advanced-degree work, in practice the economic fac 
tor of foregoing salary limits the possibilities for 
individuals to earn in this way a master’s or doctor's 
degree in a relatively short period of time. Most 
who pursue graduate work do so in the evening 
division of the local university. This also poses prob 
lems, such as availability of course offerings at con 
venient times. Even if course work proceeds 
smoothly, major difficulties develop at the thesis 
stage: Can the part-time student base his thesis on 
work-related material? If the company, for competi 
tive reasons, cannot permit publication of work 
carried on in its plant, the individual usually lacks 
time to work on an entirely different project off the 
iob 

From the point of view of industry, the advanced 
degree itself carries little or no cash value. One man 
who started to work in 1946 reported that he would 
have received $5 more per week in starting salary if 
he had completed all of the requirements for the 
master’s degree. The company attitude holds that 
work for an advanced degree indicates that the 
ndividual is preparing himself to do a better job 
Therefore, most engineers in one large corporation 
believe that company courses, which earn no credit 
for degrees but which are noted in the record, will 
benefit them to a greater extent than work at 
academic institutions. A graduate degree as such, 
except for certain research fields, is regarded as of 
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value only when changing jobs, as an objective 
criterion of achievement in the field. 

Formal course work is not the only method by 
which engineers advance their knowledge of the 
field. Most men reported a heavy load of reading in 
their specialties. As one engineer commented, the 
only limit to the amount of reading to be done is the 
time available. Thus, amounts of time spent in 
work-related reading considerably among 
individuals. Some devoted as much as 14 hours per 
week, on an average, part at home, part in the office. 

Company policies about reading during working 
hours differ 


varied 


In larger companies, there are appar- 
ently no formal restrictions. Individuals are free to 
exercise their own judgment. A manager of a smaller 
company, however, stated that he believed that 
engineers in his department should use their ow: 
time for reading which was not directly connected 
with company projects on which they were currently 
working. He encourages his men to take magazines 
home, or to read them during lunch hour or coffee 
breaks 

The tremendous volume of publications poses a 
serious problem of selection. The engineer, in look 
ing for new ideas and new hardware, concentrates on 
a few magazines or journals central to his interests 
then tries to “thumb through” as many more as he 
can. A designer of portable tools reported this sched 
ule: thorough reading of two design magazines, both 
of which he receives by subscription at home. He 
skims rapidly at work, during lunch hours, three 
others. He pays considerable attention to the adver 
tisements as well as to editorial content and regularly 
uses the reader service cards 

An advanced-development engineer made an inter- 
esting comparison of technical-society journals and 
trade publications. The former, he believed, were 
not usually useful. If an article was in his own 
specialized field, he learned nothing new because 
“the meat was usually cut out”; if not in his field, 
he could not understand it. On the other hand, from 
articles in trade publications, written in more general 
terms, he could determine whether study of a partic- 
ular new development in a related area was worth 
pursuing. 


Most engineers, like the one reported above, watch 


the advertisements closely. Here they look for as 
much information as possible about a product o1 
service, to determine whether it is worthwhile to 
call or write the manufacturer or distributor for 


further data. These are the kinds of questions which 
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he tries to answer when reading an advertisement 


Does the advertisement give complete specifications 
Does it adequately describe performance and the 
like? 

In summary, the engineer and his manager see 

of most value a broad education in the funda 
nentals of engineering, oriented to the practical side 
even though as a student he could not always see 
the relevancy of the broad fundamentals. The engi- 
neer regards four vears of school as only a com- 
mencement of his education, which he ts continu- 
ously advancit } company courses, academic work, 
or reading to keep abreast of new developments. As 
one individual with 10 years of experience put it, 
he has spent as much time studying since he started 


to work as he did in college. 





idy 
depth 
° 
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design 
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Are distinctions between disciplines blurring? 
Can the engineer communicate? What does 
a project engineer really do?—and the engi- 
neering manager? 


Research Joins Development. An important result 


of the rapidly changing technology of recent decades 


has been to blur the distinctions between the scientist 
and the engineer, as well as those among the various 


disciplines of engineering—mechanical, chemical 


electrical. In research and development in modern 


industry, the chemical engineer and the physica 


Men 
the 
applied area, and men with engineering education 
drift 


chemist, for example, may work side by side 


with training in “pure science” may move into 


may into the laboratory where the major con 


cern lies in developments far removed from current 
product lines. As the research director at 


one con 


pany pointed out, the academic distinctions made 
80 years 
technology. 

At this 


organized as 


some ago have no meaning in today’s 


company, research and development are 
The 


is geared to basic 


separate departments research 


department, as might be inferred 


research, while development carries ideas to proto 


types which, in turn, can be made by manufactur 


ing into salable units. To illustrate the blurring of 
distinctions in terms of formal background of per 
sonnel working in R & D, the senior project scientist 
in the research department was trained as an elec 
trical engineer; the senior project engineer in develop 
latter 
and 
develops consumer goods is an engineer regardless 
Although the 


emphasis of the work of research and of develop 


ment was trained as a_ physicist As the 


individual commented, “anyone who designs 


of the type of his formal training.” 


ment mav be different there is no dividing line 


in hard and fast terms 
long-term and short 


Generally, a combination of 


selection of individual 


the 


term considerations governs 


projects to be undertaken. Sometimes pressure 


a 


li...the engineer 


stir 


tulates R & D to 


particular area 


look 


Occasionally, 


of competition more 


closely into a bugs’ 


ippear in products, which are sent back to research 


for further study. Although product engineers may 
build up a body of empirical knowledge in investigat 
ing such defects, the work of research is directed to 
basic understanding of why such failure occurred 


rhe major task of R & D, though the 


investigation ol 


lies in 
new possibilities in products, proc 


esses, and materials—things which will be feasible 


perhaps five to ten years in the future. Research at 
into 
What 


are the underlying technical phenomena about each 


one company, for example, examines carefully 


product lines compressors, generators, motors 


of these? Do we need to know anything more in 


these areas? Because theory has rather well explored 


these phenomena, the next step is to seek alternative 


ways. In this manner, research is directed to inves 


tigation of the thermoelectric approach. When prin 
ciples are better known, development can apply them 
to specific products 

Before 


initial 


undertaken 
investigation the 
the Are probable results of 
ultimate interest to the company? Will the company 
be able to finance the research to completion? 


long-range projects can be 


must determine probable 


magnitude of effort 
These 
are critical areas of management decision. At least 
one R & D man emphasized that top managers must 
have technical competence to know the direction of 
1 possible new product in areas of industry where 
the tides of innovation flow strongly 


The 


ment is assigned an 


individual member of this research depart 


area within which to work 
but he exercises 
attack The 


may be personally 


such as a problem in heat transfer 


his own discretion as to methods of 


senior physicist, for example, 
working on two different projects and have respon 
sibilities for supervising the efforts of several scien 
tists and engineers in five or six other projects 
Senior researchers are encouraged to devote 10% 
of their time to unassigned work which may prove 
to be of value ultimately to the company. This has 
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at work 


frequently been the of me ideas and fresh 
approaches, according to director If the in 
dividual’s unassigned promise, it 
iS immecorporated into th yud get in assigned 
project 

Communication between R & D and Manufactur- 
ing is a critical problem. Advanced-development 
engineers sometimes regard engineers in Manufactur- 
ing as the “meat-heads” who put out day-to-day fires, 
which is not really engineering. Similarly, the manu- 
facturing engineers may look upon the “scientist- 
type” in R & D as an overly theoretical, “pie-in-the- 
sky” kind of person. Even where a feeling of mutual 
respect exists, a development engineer commented, 
communication may be difficult. 
managers in the factory, tied up with daily problems 


Engineers and 


of production, cannot always see the need to disrupt 
established procedures just to try some new “fool 
thing” being pushed by R & D. Thus, an idea for 
a new product may lie dormant for months or even 
years before its acceptance, often dictated finally by 
marketing considerations. 

In some cases. a new product has been moved 
from R & D into Manufacturing by transferring 
Manage 


enot gh 


whole group of people with the product 
ment may regard 1 new item as attractive 
to move to market, but cannot find the skills in 
operating divisions. Usuaily, the individuals return 
to R & D after production procedures have beer 
established 

The Project Engineer. “Engineering runs the line 
commented a project engineer in one plant's semi 
conductor products department In both military 
equipment and consumer goods, the project engineer 
carries responsibilities and participates in decisions 
from the inception of the idea until the item 1s worn 
out in the field 

To carry out these responsibilit es, the project en 
gineer receives from his manager considerable 
imount of freedom. “Results count” is the rule of 


the game accepted by both the engineer and his man- 
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ager. Indeed, the 
finding ways to produce 
lo this, he is encouraged 
est, with a minimun 
nt does 
On 
does not expect overtime 
ings oO! Sunday Ttcrnoons ( 
One interviewee maintained 
that he solves most of the real problems he encounters 
in the hour or so after most of the rest of the staff 
goes home and he is no longer interrupted by the 
telephone. 


Although he 


veets new challenges ofte nough 
rom becoming one of repetitive ro 
iccording to one project 
experience 
However invone who 


hole n dig it Most engineers and managers in 


Designtown companies believe that the issue of using 


trained engineers in routine work has been exag- 
gerated; that ste; 
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often determines the amount of routine in his job 
As an engineer at one plant pointed out, some indi 
viduals with engineering degrees are happy with 
semiclerical work and mold the job in this way; when 
such a person leaves, the job becomes upgraded by 
management to require a level of experience not 
really needed; the new occupant, if he possesses ini 
tiative, then has to reshape the job to meet his ow! 
goals and capabilities 

Although the project engineer is not classified as 
a manager, he assumes supervisory responsibilities 
sometimes for as many as 30 people. He makes as 
signments and is responsible for the work of the engi 
neering personnel working on his project. In making 
the annual appraisal of engineers’ performance, th 
unit manager often relies heavily upon the project 
engineer’s estimate of the contribution of the men 
in his group. But leadership exercised by the project 
engineer comes from the individual rather than the 
title. As one young man put it, the major task is 
to find ways “to get people to do the job without 
needing the formal authority of a manager.” 

In lines such as military equipment or broadcast 
ing apparatus, where products are specially designed 
to individual customers’ requirements, the enginee! 
is closely acquainted with the customer. He must 
know what the customer requires so that he can put 
it into the product. In the initial stages, the engi 
neer feels out the customer along with the salesman 
conceives the idea, then gets the salesman to sell it 

In consumer-goods lines, too, the engineer plays 
an important role in marketing decisions. At one 
durable-goods plant, for example, engineers attend 
sales meetings where they can present to marketing 
men data on such matters as costs and feasibility of 
product modifications suggested by salesmen. “It is 
rare, if ever, for top management to bypass Engi 
neering in making important decisions about prod 
ucts,” reported an engineering manager. 


[he project engineer’s responsibility dees not end 


with the completion of blueprints. He works closely 
with Production, helping the factory to interpret 
plans. 

Likewise, the project engineer must remain 
close contact with his counterpart in related pro 
grams. 
controls, for example, must make sure that his prod 
uct will be compatible with the ground-control system 
being developed at another installation. 

An important area of responsibility of the engineer 
lies in relations with subcontractors and vendors. In 
one company’s heavy-military-equipment department 
some 50% of the work is subcontracted. The gen 


An engineer working on airborne missile 


eral rule is to go outside for work which is not in 
electronics, such as heavy machining, for example 
Although Finance draws up the contract with the 


salesman about costs 


successful bidders, the engineer must approve the 
final version of the contract if it has any engineering 
content. The project engineer or one of the men in 
his group periodically visits the subcontractor’s plant 
to check on progress, quality control, production 
problems, and the like 

The project engineer also deals directly with ven- 
dors. Not only does he interview salesmen regularly, 
but he also reads magazines (advertisements as well as 
irticles) for information on new equipment, com- 
ponents, or services available. If he sees an adver- 
tisement which seems to indicate that an item will 
meet his requirements, he calls the local representa- 
tive. Although Purchasing makes the actual selec- 
tion of a supplier, based on price, ability to deliver, 
etc., the engineer makes suggestions to Purchasing 
about potential vendors. Also, in practice the engi- 
neer may have quite a bit of control over vendor 
selection by his power to set the specifications, thereby 
limiting the number of suppliers able to perform the 
work. Furthermore, he may specify a certain source 
of supply if he can define the special need for that 
manufacturer’s product (uniqueness, superiority in 
reliability and quality, etc.). 

With the completion of the manufacturing process, 
the project engineer acts as consultant to the men 
in the field, supervising installation, testing, ironing 
out “bugs,” and perhaps advising on repairs after use 
in the field. 

The project engineer sees himself as the hub of the 
wheel around which the work of the company re- 
volves. As one man put it, “the engineer is the one 
man in the company who must believe that he is the 
key to the company. Evervthing centers about the 
product and the man who conceives it and controls 
it.” This is definitely “psychic income” to the engi- 
neer. Even though he may be confronted daily with 
the evidence that a salesman is paid more and re- 
ceives more salary advances than he does, the project 
engineer usually carries the job through from idea 
to production, so he has a right to his belief that he is 
the “key.” 


The Engineering Administrator. The engineering 
manager must pessess a high level of technical com- 


petence to supervise the work of engineers. At the 
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same time, he must be adept at dealing with people 

Because the manager is rated on the results of the 
work of the group. his first concern is to spot qualified 
people for his unit, then to assign the right job to the 
right man. 

Some of the manager’s tasks are technical in 
nature: scheduling work loads, seeing that jobs are 
completed on time, evaluating the ability of indi 
viduals who work for him, ordering equipment 

But getting the most out of men who report to him 
poses many problems of human relations for the 
administrator. Some engineers respond readily to 
recognition of their achievements; others require “a 
good kick in the shins every now and then” to per- 
form at their best. Some men are most productive 
when they work by themselves; others do best when 
they have technical assistance to do the leg-work. It 
is the job of the supervisor to recognize these varying 
types of people, to assign them to tasks most suited to 
their talents and temperaments, and to make them 
aware that all are treated on an equal basis. Further 
more, the administrator must keep his men satisfie 
with the rate of advancement possible in the current 
situation. 

Most managers believe that they must know th 
men who work for them as individuals 
not producing according to his capabilities, the super 


If a man is 


visor attempts to determine the cause of the problem 

a task which sometimes requires considerable inge 
nuity. The managers act occasionally as family con 
sultants in discussing home problems, other times as 
educational advisors in suggesting certain courses 
which might improve a man’s potential 

How does management view the role of the “odd- 
ball,” the man who in attempting to do new things 
in new ways may sometimes step on toes, who may 
sometimes be not very understanding in his rela- 
tions with fellow workers? Although administrators 
in personnel sometimes raised their eyebrows at the 
mention of the word, managers of engineering units 
were generally cognizant of the need to balance the 
creative contributions of such people against the 
potential disruption of administrative routine. As 
one manager put it, “I'm getting paid for the head 
aches and I just try not to let it get my goat” if the 
oddball happens to be difficult to get along with 
Another manager pointed out “you have to recog 
nize their abilities and contributions” rather than 
their personality in assessing their value to the unit 

An administrator with almost 20 years of experi 
ence noted the existence of a “high correlation be 
tween creativity and oddball behavior.” because 
creativity is by definition different and “it usually 
takes guts to do something different.” He cited a 
case of a highly creative individual who had to do 
his own drafting because he could not get along with 
any of the draftsmen. Another oddball was so im- 
patient to get things done that he once almost burned 
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his eyes out while welding without helmet and 
goggles. According to this manager, the important 
point is to give the oddball a creative kind of job 
to keep him happy. Besides being useful in tackling 
ind solving the toughest problems, the oddball helps 
to keep the more conforming engineers in the unit 
from becoming too self-satisfied by “shaking things 
ip now and then Thus, the oddball contributes 
ndirectly as well as directly to innovation 


Even the 


normal” engineer, defined by a per 
sonnel administrator as a person who behaves in the 


expected way about 75% of the time, sometimes 


finds difficulty in understanding the basis for deci- 


sions by top management. Why was that project, 
which seemed to have so much promise, dropped or 
shelved? Thus major task of the engineering ad- 
linistrator is to act as liaison between engineers 
nd nonengineering management The manager 
must know company policy and be able to interpret 
to his men. At the same time, he sees himself 
a position to explain to top management some 
the goals and methods of thinking of engineers 
In a sense, the types of talents required of engi- 
neering managers are contradictory On the one 
hand, the engineer is inclined by training and tem- 
perament solve all problems on a formal basis 
He sees only black and white. He finds the correct 
answer to a problem. On the other hand, the ad- 
ministrator must supervise each individual in a dif- 
ferent way to get effective performance from each 


largely in areas of human emotion where 


He deals 
the many shades of gray predominate. The answers 
to management problems are not usually clear ones 
of right or wrong. Although the potential manager 

acquire some of the necessary skills of admin- 
istration through professional management courses 
offered by his company or a local university, the 
transition to management usually requires some- 


thing of a new orientation in outlook 














psycho gists 





— 











Can an engineer really win out in engineer- 
ing, or must he shift to management? Does 
the usual engineer want to be a manager? 
What factors influence advancement? What 
about transfers, teachine? 


Traditionally, the opportunities to advance 
the economic ladder have existed in movement in 
the ranks of management. With the greater demands 
of technology, business leaders have become cor 
cerned about the potential loss of creative technical 
talent in this way. In line with the recent trend 
in American industry, many companies in Design 
town have now developed—or are planning to 
develop—policies whereby unusually creative indi 
viduals may advance in salary and prestige on the 
basis of their technical contributions. According to 
one big company’s policy, there is no theoretical 
limit to the advancement of the highly creative indi 
vidual along the technical line. Management of 
another plant is currently setting up new job classi 
fications which provide parallel responsibilities and 
salary levels in the technical and administrative areas 

In actual practice, the creation of equal oppor 
tunities for technically oriented individuals cannot 
be achieved overnight. There is universal agreement 
that the progress of the technical consultant in indus- 
try is slower, that the individual contributor attains 
less prestige than his counterpart in management. 
Some commented, though, that the situation has been 
changing within the last two or three years in com- 
panies conscious of the problem, and pointed t 
instances in which individual contributors receiv 
higher salaries than the managers to whom they re 
port 

Yet, in spite of growing opportunities along the 
technical line, more engineers continue to focus their 
future ambitions on management. “You still have 


iV...opportunities 


for advancemen! 


im engineering 


a lot more prestige if you have people working for 
you,” commented one engineer with goals in ad- 
ministration. Another pointed out that the “accepted 
definition of success in engineering is still manage- 
ment.” According to this individual, experience 
necessary for advancement can be gained more 
rapidly by supervising because “the experience of 
those who work for you rubs off on you.” In this 
way, the engineering administrator can rise rapidly. 

Engineers who have elected to seek advancement 
on the basis of their technical skills are far from 
dissatished with their situation in industry, especi 
illy in view of the growing awareness by top man 
agement of their accomplishments. One man pointed 
out that “the company does quite well by its indi 
idual contributors” even though engineers may 
advance higher and faster as managers. Further 
more, these men derive a great deal of “psychic 
income” from their work and view themselves as 


Though 


some possess administrative talents, according to 


the “real engineers” in the corporation 


their managers, they insist that they do not want 
to waste their time with paperwork and pencil 
pushing “After spending six years studying the 
harnessing of natural forces for the good of man- 
kind, spending my time to sign time-cards holds no 
interest,” emphatically stated a high-salaried tech 
nical consultant who had had a brief fling at manage- 
ment. “I would be miserable in the management 
area,” commented an engineer in advanced develop- 
ment; “my interest in social standing (which the 
status of a manager brings) is zero.” 

The technical consultant regards his own role 
is one of making the real decisions which affect the 
future of the company and of the nation, that this 
is more than worth the sacrifices of money and 
prestige in comparison with an administrative role 
The individual contributor values highly the inde 


pendence which he possesses in working on prob 
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lems, usually those of his own selection withu 
broad frame of reference. One technical consultant 
described his job as one of “keeping my boss’s eyes 


open on problems areas.” He is free to select specific 


problems to tackle; only once in three or four-years 
has he been told to undertake a specific task The 
individual contributor may feel freer than the man 
ager to be a bit nonconforming in certain details 
such as wearing a sport shirt and no necktie to work 
As an individualist—one who likes to work by hi 
self the technical consultant takes great satisfac 
tion in being rated on the basis of his own personal 
contribution, rather than on the work of oth 
people 

Although they are often of opposite temperaments 
and goals, there is generally a high degree of mutual 
respect between managers and technical consultants 
Managers have learned to rely heavily on the highly 
skilled and creative individual contributor to get 
the work of his unit done. Similarly, technical con 
sultants recognize that there is a kind of creativity 
in the nontechnical area which the able administra 


tor possesses 


Factors in Advancement. Of major concern to 
both the engineer and management ts the method 
which the corporation uses to spot talented indi 
viduals and to provide them with appropriate 
rewards. Various devices have been utilized in dif 
ferent organizations, even in the same company 
different times 

In large corporations, the work of the engineer 
receives an annual evaluation by the manager of 
the unit. In this evaluation, the major test is the 
value of the individual's contribution to the corpora 
tion. “Results count,” as one engineer put it, and 
this is often one of the hardest lessons for young 
men fresh from the campus to learn about cor- 
porate life. Although some element of subjectivity 
inevitably enters the evaluation, conscious effort is 
made to rule out so far as possible the intangibles 
initiative, drive, and the like—which are difficult 
or impossible to measure. Most important are the 
answers to such questions as these: Does he com- 
plete his work on schedule? What degree of crea- 
tivity has he demonstrated, for example, in finding 
ways to reduce costs and/or to improve products? 
Discounted in the manager's evaluation are long 


hours of unproductive “busy work.” 
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After the anage 
evaluation, he goes ove! with each ind dual, who 
then has the opportunity to point out what he thinks 
to be any errors of judgment 


Most engineers believe that they and their con- 


tributions are generally evaluated quite fairly by 
their managers. They know that the manager is 
rated by his superior on the basis of the contribu- 


tion of his unit—therefore on the work of the engi- 
neers in his unit. The theory underlying annual 
evaluation by the manager—that each engineer 


a tool with which the administrator works 


. 


is 
to get his job done”-—tends to minimize the effect 
of such things as favoritism or “personality clashes.” 
The judgment of the administrator of a unit whose 
contribution is rated as only average, but who rates 
most of his men as outstanding, is suspect by higher 
echelons of management. Similarly, a manager of 
an outstanding unit who fails consistently to recog- 
nize the contributions of his talented engineers would 
not long continue to secure effective performance 
from his men. 

If the annual ev 

the situation ) pecific department 

ich to do ith [ { talente | enyvinec! 
will rise General policy is to promote trom the 
ranks of the department into the lower echelons of 
management rather than to pull somebody tn fror 


the outsick Thus, great importance attaches to be 





ing on the “ground floor.” The opportunity for 
the engineer with talent and ambition to become a 
manager is considerably better in an expanding 
department than in lines which are more or less 
static, where it is necessary to wait for somebody to 
die or retire before anybody is advanced 

Opportunity to transfer from one department to 
another within the company is a key to rapid ad- 
vancement for talented engineers. Managers of 
expanding departments seeking engineers usually 
look first within the company. In the large corpora 
tion, this process has become highly formalized. A 
manager looking for an engineer sends to the com 
pany’s central personnel office a list of the quali- 
fications which he is seeking. These are matched by 
machine against the data about all company engi- 
neers, maintained on IBM cards, showing at first 
glance perhaps two dozen men potentially qualified 
for the position. Reading of detailed resumes further 
narrows the field. After securing permission from 
the engineers’ current managers, the hiring manager 
interviews three or four individuals whom he regards 
as the most able. An offer is then made to the engi 
neer finally selected 

Transfers in most cases are not made arbitrarily 
by the company. Engineers may decline to make a 
change in jobs for many reasons: the work on which 
they are currently engaged cannot be effectively 
transferred to another man: or, children may be at 
critical stages in education. But, one manager noted, 
persistent refusal of transfers indicates that the in- 
dividual lacks the flexibility believed to be charac- 
teristic of the most talented engineers. 

In some cases, engineers who feel that their 
advancement is blocked by a static situation in their 


departments may initiate the transfer process 


Approved company policy is to ask permission first 
from one’s supervisor to “look around.” But many 


























Few engineers fear they'll be lost 


men make informal inquiries first “to make sure that 
they can better themselves before they leap.” 

All in all, the possibilities for advancement look 
good to engineers. Few feel that they will become 
“lost” in the large organization. As one young 
engineer commented, opportunities are excellent for 
those “who are willing to work for advancement 
and who do not limit themselves” through refusal 
to move or te assume new kinds of work. 

Most engineers agree that the increasingly com- 
plex technology of the Space Age has sharply 
improved opportunities for themselves relative to 
those for men with comparable talents and length of 
formal education. They feel generally that their 
lifetime earnings, for example, will exceed those 
of the college graduate in business administration 
Some, though, look on sales as providing a more 
rapid rate of advancement than engineering—par- 
ticularly for the sales engineer who combines engi- 
neering with a business administration background 
A few engineers have at least dim goals of estab- 
lishing their own businesses at some time in the 
future. A young engineer who hopes to go eventu- 
ally into consulting or small manufacturing believes 
that he could in this way have “a freer hand to do 
things as they should be done”; that this would 
‘make things more complete.” 

The “ivory tower” of the academic world has a 
strong pull for some engineers, particularly those in 
research and development. And indications are that 
the exceptionally talented engineer who goes into 
the university will suffer little or no economic depri- 
vation. One research director pointed out that it is 
becoming increasingly difficult for industry to com- 
pete in the market for top engineering talent, that 
university salaries plus consulting fees compare 
favorably with salaries in industry. 

But several engineers who moved from the uni- 
versity to industry pointed to the importance of 
factors other than total annual income in comparing 
the two. Some mentioned the irregularity and uncer- 
tainty of consulting work and fees. This was cited 
by a manager who took a cut in annual income 
when he left his position at a large university (NYU) 
Geographical location of the academic institution in 
relation to prospective industrial clients is important 
in determining the over-all economic desirability of 
a specific university position 

Perhaps the leading consideration for men in ad- 
vanced development is the availability of research 
facilities in large business organizations. A young 
PhD, who described himself as “more sympathetic 
to the university approach than to industry,” declined 
a recent offer to return to his alma mater at an 
excellent salary primarily because he was reluctant 
to give up his research for a year or so until a 
properly equipped laboratory could be organized on 
the campus 
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DESIGNTOWN, USA 


V...the engineer in the community 


When and where is the engineer a “joiner”? 
Does he use his engineering—consciously or 
unconsciously—in civic or other activities? 
What’s he like at home? Is he honestly a 
“do-it-yourselfer”? 


[he engineer in Designtown is not likely to be 
member of civic or fraternal organizations just for 
the sake of being a “joiner.” Only a few take an 
active part in local politics, and these are generally 
managers. 

Yet the engineer does assume responsibilities in 
projects where he can apply his specialized knowl 
edge or where specific civic goals can be reached 
through his action. Sometimes individual engineers 
have run for school boards, for example, to be in 
a position to push the role of science and mathe- 
matics in school curricula. Others have helped to 
organize the construction and operation of com- 
munity playgrounds. One engineer has come out of 
retirement to work with a metropolitan development 


He’s a doer, not a joiner 


commission which is concerned with such matters as 
water supply, parking and urban renewal. Engineers 
also participate in the activities of a local business- 
climate council, particularly on task forces examin 
ing education, transportation and the like 

In recent years, engineers’ associations have taken 
over some important community responsibilities. One 
company’s engineers’ association, of which most engi- 
neers are members, has a civic affairs committee 
which performs such tasks as repairing the record 
players at a center for blind people. Members also 
maintain the portable respirators at a local hospital 

Another facet of engineers’ participation in the 
life of the community is evidenced by the work of 
an over-all local technical societies council. This was 
formed to coordinate the activities of local chapters 
of more than 30 engineering and scientific societies 


continued 


PRODUCT ENGINEERING - DECEMBER 26, 1960 





One of the council’s major tasks has been to stim 
ulate interest in technical subjects in highschool 
To do this, it has organized a speakers’ bureau 
through which engineers in local industry are 
assigned to speak to classes about work and oppo! 
tunities in their own fields. In cooperation with the 
manufacturers’ association, the council has spon 
sored science fairs at which teen-agers show exhibits 
which they have built. The council also invited top 
science students from the local schools to its sym 
posium featuring nationally Known speakers 

Perhaps the engineer’s view of his community 
responsibilities is best expressed, as one engineer 
put it, by “doing things rather than joining things.” 
“There are too few hours in the day of the engineer 
to be a ‘joiner’.” 


The Engineer at Home. The engineer regards him 
self as “the homebody type, more stable, if less ex- 
citing to the women.” Outside of work, many of 
his interests center in home or family activities 
While engineers in management, manufacturing, and 
sales are gregarious, like to associate with other 
people in the community, and talk about politics and 
other matters in social gatherings, the design engi 
neer more often prefers the company of his fellows 
with whom he can talk shop and theory 

However, every engineer has, or hopes to have 
if he is a young man, his own workshop in the base- 
ment. With his power saw, electric drill, lathe, and 
other woodworking equipment, he likes to build or 
refinish furniture and make house improvements 
such as enclosing the cellar steps. Indeed, the engi- 
neer is seldom satisfied with his house the way it 
stands. Two engineers who were interviewed built 
their own homes from scratch. Some engineers have 
more elaborate metalworking machinery at home, 
with which they develop new ideas. One man, for 
example, invented a new type of boat lift in his 
home shop. As a handy man, the engineer usually 
does his own household-appliance repair jobs, and 
a few perform major work on their automobiles. 

To some engineers, “do-it-yourself” work around 
the house is a source of considerable personal satis 
faction. As one man put it, “You can’t see concrete 
results in your professional work usually for a 
month or two; that is the basic reason why I like 
to tinker around the house.” To other engineers 
though, this type of work loses its charm “because 
you do-it-yourself all day around the company.” 
Some engineers may feel ashamed to call in outside 
repair men because they regard themselves as 
“expert” in things technical, but others point out 
that they regularly rely on experts in their work 
and that this habit carries over to the home in deci- 


sions whether to try to repair an appliance 


At any rate, engineers are likely to view with a 
critical eye the work done by repairmen and per- 
haps to feel that they could do it better. Even those 
who regard things like appliance repair as a chore 
rather than a pleasure pointed out that they disliked 
to waste their experience. Because he possesses 
the know-how, the engineer believes that he can 
save the money and, perhaps, do a better job than 
the outside repair man. According to one man, “the 
engineer attacks a job with the faith that he can se« 
it through. He is accustomed at work to tackling 


problems of a physical nature about which he has 


to learn as he goes 

Engineers in Designtown pursue a wide diversity 
of other interests. One man is a Civil War buff 
who spent a recent vacation touring battlefields in 
Virginia. Several in their gardening specialize in 
unusual flowers and plants. Another builds electronic 
systems which play lights by music. Other hobbies 
and interests cited include: singing, playing the violin, 
dancing, painting, photography, attending concerts, 
model building. { 

Generally, those who are interested in sports pre 
fer participant to spectator sports. The range of 
activities includes: boating, fishing, swimming, bow] 
ing, gymnastics, hiking, camping. golf, badminton 
skiing. As one man put it, engineers are inclined 
to be “doers rather than watchers.” (The interests 
of engineers, though, parallel those of other middle 
class groups, as reflected by increased sales of boats 
and outboard motors and camping equipment, and 
the decline in some regions of attendance at profes 
sional and semi-pro sports events.) 

Alihough many engineers reported that they had 
time to read little besides a local newspaper and 
perhaps such fare as Time, Reader's Digest, and the 
Saturday Evening Post, a number cited wide interests 


in literature. One was currently engaged in learning 
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ill that he could about hypnotism. Another reads as 
many books as he can about the history of World 


War Il 


current world affairs, archaeology 


Others mentioned interests in books about 
exploration, his 
torical fiction of the American Revolution, and 
science in fields other than their own specialties 
Many engineers count church as one of their im- 
portant interests, holding positions on vestries, Sun- 
day School staffs, boards of trustees, and the like. 


The wife of one engineer described her husband's 
work in his church a i tally important part of 
his life 

Are engineers as “narrow-minded” and “uncul- 
tured” as some outside the profession have charged? 
This is a point on which engineers displaved some 


Perhaps tl vest defense of the engineer 


SENSILIVITY 
was given by a young i in of unusually wide 
nterests himself. (He ares rl Views OF many in 
] 


the academic world ents of 


popular culture in A he char 
acterized a popular p ! m a wr those 
who can’t read”; and a 
those who can’t think 
the range of interests should be 
judged in relation to tha her groups in the 
population. On this basis, “the general public is 
much more narrow than the engineer; pecole in 
other areas should be subject to criticism for know- 
ing as little as they do about science and math.” 
He maintained that engineers were not necessarily 
more learned than other people, but that they were 
“at least as well trained” outside their vocational 
area. (He cited the case of his brother-in-law 
physician, whose major off-the-job occupation 
watching television.) 


Because of his 


The Engineer as a Consumer. 
technical knowledge, the engineer likes to regard 
himself as an unusually intelligent purchaser of con 
sumer durable goods. Trained to be critical on the 
job, he attempts to carry this over to his personal 
buying. One man referred to the joke about the 
engineer who surprised everyone when, on receiving 

gift, said “Thank you” before he picked it up and 
examined it. 

The engineer often prides himself on being “a 
tough customer” in his dealings with salesmen. One 
engineer who designed his own house related how 
he “gave the builder a hard time by watching every 
nail that went in Another pointed out that he 
had difficulty in getting a contractor to build his 
house, because most contractors in the community 
A real-estate 
salesman in Designtown confirmed that engineers 


did not want to deal with engineers 
are the most difficult people te whom to sell a house. 
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As a purchaser of consumer goods, the engineer 
certainly has some advantages over the ordinary 


consumer. Because he knows materials, he may be 
able to determine, for example, the probable dur 
ability of a strip of plastic on a refrigerator door 
In areas related to his work and training, he can 
issess reliability of mechanical operation 

But engineering is a broad field with many special 

As one man admitted, the engineer is o 

ugh customer not because he knows 

most people about the product, but because 

spicious without grounds. He often assui 
vat he knows more about the construction and 


operation of an automobile. an appliance, o1 house 


than he really does. Granted trained to 


critical,” which extends to habits, he 
iy lack the competence to be 
of his specialty 


Probably most engineers turn out to be prett 


Like many other people, they 


tvpical consumers 
accept the validity of reports on branded products 
in a popular consumer magazine. They often rely on 
“inside tips” from friends in plants which produce 
consumer goods: “| know some of the fellows over 
Television Receivers where they tear down all of 
competitors produ and they XYZ is 
best But when the engineer buys the 
the chrome strips and gadg 
yne with the best engineering 
fe’s choice which predominates. As or ngin 
cribed his recent purchase of a house, there 
no logic at all” involved: he would be much 
fT 


economically to continue to rent, but 


vas determined to own hon 

















Vi... professional status 


“Engineer” is a loose definition 


What does the engineer really think of the 
agitation for professional recognition? What 
about licensing? When should “engineer” be 
used? Does the engineer really have a pro- 
fessional attitude? 


Engineering as a Profession. Engineers in Design- 
town pointed to the generally accepted criteria of 
professionalism and its application to engineering: 

1. The engineer who regards himself as a profes- 
sional emphasizes the importance of learning—not 
just four or five years of formal education but a 
continual effort to improve himself and the state of 
the art. As one man put it, “engineering is learning- 
centered.” 

2. A key characteristic of the professional is his 
recognition of his responsibility to society and to the 
individuals whom he serves. He must realize that 
each decision may have far-reaching effects—as basic 
for the engineer designing missiles for national 
defense as for the physician dealing with human life 

3. The exercise of these characteristics depends 
largely upon the attitude of the individuals who 
pursue the occupation. The professional regards his 
job as more than an 8-hour-per-day path to a salary 
check. According to one man, “the engineer must 
be interested in doing the job right, aside from the 
financial reimbursement which he receives.” 


4. Closely connected with this is the assumption 
that the limit to the individual’s contribution, hence 
rewards, is set primarily by his abilities and use of 
his talents. The engineer as a professional has con- 
siderable discretion as to how he applies his unique 
knowledge to particular problems. To put this an- 
other way, by using independent judgment within 
a broad framework, he can make or break his job 
The engineer who regards himself as a professional 
is a strong believer in individualism. 


His Problems As a Professional. Some engineers 
expressed a considerable degree of criticism of the 
recent literature and discussion about profession- 
alism and professional status in engineering. A 
manager stated bluntly, “I am personally tired of 
the subject.” An engineer at a durable-goods plant 
believed that it was largely a matter of “some people 
trying to puff themselves up.” But a _ perceptive 
project engineer at a large plant pointed to the 
confusion existing in discussions of professionalism: 
“It is hard to put your finger on just what it is trying 
to accomplish.” Some have emphasized greater 
recognition of engineers by the public, others, 
improved quality of service by engineers to society; 
still others, economic status. In view of these various 
approaches to professional problems in engineering, 
it is not surprising that the engineers in Designtown 
cited a number of difficulties which might be en- 
countered in efforts to raise their professional status 

1, There is widespread agreement that, as one engi- 
neer put it, “the term ‘engineer’ should be distin- 
guished beyond its present use.” Because of the loose 
definition of “engineer,” public confusion exists about 
what engineering is. Many engineers pointed out that 
the title “engineer” should be reserved for men with 
four or more years of formal education. Greater ef- 
fort should be made to distinguish in the public mind 
the engineer from the driver of a locomotive, or from 
the technician or draftsman. 

However, it is difficult for any group to reserve the 
use of a specific title to those with certain qualifica- 
tions and training. Witness the term “doctor,” once 
reserved for men with a broad humanistic education 
until it became associated in the public mind with 
medical, dental, or veterinary training. Similarly, “en 
gineer,” a title conferring status, will be appropriated 
by other groups as they attempt to upgrade their own 
position in society. An extreme example in popular 
humor is the effort of the garbage collector, or the 
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of engineers 


plumber, as the case may be, to become more im- 
portant by calling himself a “sanitary engineer.” 

2. Closely connected with the loose use of the term 
“engineer,” many felt, is the lack of effective stand- 
ards for determining who should practice engineering. 
This in turn reflected the basic difference in economic 
status and legal position between the physician or the 
lawyer as a free proféssional and the engineer as a 
salaried employe. There is no real equivalent in 
engineering to the laws which prevent individuals 
from practicing law or medicine unless they meet 
certain definite requirements. 

Is the professional engineer’s license the answer? 
Although some engineers maintained, as did one with 
his state license, that “anyone in engineering should 
have a license,” there were frequent suggestions as 
to necessary changes which should be made in licens- 
ing or registration procedures. One man pointed out 
that licensing should be on a national instead of 
state basis, to eliminate the widely varying standards 
which currently exist among the states. Licensing 
should also take into consideration the many special 
areas of engineering, instead of the current emphasis 
on civil engineering. 

A major obstacle would remain: getting industry, 
which now bestows the title “engineer” upon indi- 
viduals, to accept a more rigid set of requirements. 
At least, management currently pays little more than 
lip service to the license. A large corporation, for 
example, officially encourages its engineers to take the 
licensing examination, and provides classroom space 
for refresher courses, but most men agreed that there 
was little practica! reward given beyond a free dinner 
for successful applicants. 

Even among vigorous advocates of licensing there 
is recognition that passing an examination does not 
necessarily “change a man’s morals,” that “a licensed 
engineer can still bring disrepute or mediocrity to 
his profession.” But the hope expressed is that by 
licensing “we can pin down faith in engineering in 
areas where the public has to accept the judgment of 
the engineer.” To put this another way, licensing 
cannot raise the ceiling for greater opportunities for 
engineers as professionals, but it can provide a firm 
floor under the profession by weeding out the border- 
line cases. 

Some engineers suggested that the technical soci- 
eties might play a role in setting standards, similar to 
that of the medical and legal groups. But they ad- 
mitted that in the past, at least, the economics of soci- 
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DESIGNTOWN, USA 


The real engineer eats, drinks and sleeps it 


ety operation dictated an emphasis on quantitative 


rather than qualitative considerations in recruiting. 


Another way to provide higher minimum stand- 
ards, according to some, is to fix standards in engi- 
neering education, particularly in marginal institu- 
tions. An important facet of the problem is the 
practice of some corporations to employ on an equal 
basis graduates of accredited and unaccredited engi- 
neering schocls. If the voluntary accrediting agencies 
are unable to enforce accepted standards in educa- 
tion, perhaps compulsory government regulations 
may be necessary. According to a young European 
engineer, the engineering schools in his homeland 
of Denmark are required to meet standards imposed 
by the government. Partly as a result of this, their 
graduates are recognized as professionals when they 
embark upon their careers 

3. An important obstacle to improving the status 
of engineering in the public mind is the lack of direct 
contact between the engineer and the ultimate con- 
sumer of his services. In contrast to the situation 
of the doctor or the lawyer, to whom the public takes 
its problems directly, the consumer of engineering 
services rarely knows what the engineer does. Be- 
cause of this lack of knowledge, “each person feels 
that he has a certain amount of skill in the area of 
engineering.” As one engineer commented, “You 
can’t be a sidewalk superintendent in law or medi- 
cine, but everybody is willing to express his own 
opinion on engineering.” In contrast to the emergency 
during which most people deal with a physician or 
lawyer, where price factors are minimized, “people 
stop to evaluate the worth of engineering service.” 


continued next page 
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study 
in 
depth 
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As something of a paradox to this “sidewalk super- 
intendency” imposed upon engineering is the frus- 
tration which the engineer sometimes feels when 
market considerations, particularly in consumer 
goods, require him to “cut corners.” Although the 
engineer is often blamed for “under-engineering,” 
he points to the ignorance of the consumer who 
overlooks quality considerations. As one manager 
pointed out, the consumer’s ownership costs are 
almost doubled when the life of an appliance is cut 
in half to achieve a 10% reduction in price to meet 
the market. Similarly, the engineer is baffled when 
consumers fail to accept the product into which he 
has designed not only reliability and durability but 
also important safety features as in the case of a 
power lawnmower produced by one company. (This 
is a field in which accidents have been so common 
that the manufacturers’ association reported that 
“only 8% were caused by faulty design.” The per 
centage should of course be almost zero, but users 
don’t seem to mind.) 

4. Perhaps the most important point about pro- 
fessionalism stressed by engineers in Designtown 
was the importance of the way in which the in- 
dividual engineer conducts himself, aside from formal 
standards, education, and the like. As one man 
active in a large company’s engineers’ association 
commented, “The only way to get engineering recog- 
nized as a profession is for all individuals to act 
as professionals.” “The real professional engineer,” 
according to a manager, “is one who comes close 
to eating, drinking, and sleeping engineering.” He 
is the one who is “primarily interested in putting 
engineering to the service of the world.” Further 
more, this is an attitude which “must come early” 
to the individual and “must be accepted like re 
ligion.” It has to be instilled at school and rein 
forced in the early years of the engineer’s career 

The problem, according to one manager, is that 

too many engineers don’t think of engineering as 
1 profession, and this is what keeps engineering from 


becoming a profession.” The nonprofessional type 


of individual “uses engineering” primarily for his 
benefit, as “a meal ticket”; he “does not give the 
job any part of himself.” 

4 technical consultant in missile work at one 
plant sees two categories of people employed in 
engineering work: the non-dedicated, who put in 40 
hours per week carrying out the formal requirements 
of their jobs, and the dedicated, who are engineers 
24 hours per day, 52 weeks per year, who are “the 
people on top, responsible for the breakthroughs in 
knowledge.” He regards the latter as comprising per- 


haps 10 of the number of men who call them- 


46 


THE INTERVIEWEES 


Men interviewed (about 100) in this study include 
personnel men, design, project and supervisory 
engineers, quality-control men, R & D and 
advance-projects engineers, supervisors and man 
agers, technical consultants. Practically all engi 
neers, they range in age from new graduates 
to men over 55, with only two or three having 
degrees from the same college. Several have 
doctorates, a number have master’s degrees 
They represent, rather than “typical” engineers 
those who are most able in their respective organ 
izations. In addition, several wives of engineers 
were interviewed. So were the local power 
company vice-president, city and area develop 
ment executives presidents of three small 


companies (all engineers the executive vice 


president of the local manufacturers’ association 
and the executive secretary of the Chamber 


Commerce. These latter interviews were of course 


to give perspective on the engineers 


themselves 


selves engineers. The 90%, the non-dedicated, are 
necessary to relieve the dedicated from much of the 
routine, the “dog-work,” at least for the time being 
until they are replaced by machines which can per 
form such work. 

This conclusion that only 10% of engineers are 
truly professional was confirmed by the observa- 
tions of a personnel administrator at one plant, a 
nontechnical man who has had extensive contacts 
with engineers. “Nine out of ten don’t have a pro- 
fessional attitude. They want prestige, but they 
don’t want obligations and responsibilities.” 

In view of the emphasis that engineers placed upon 
individual conduct as the most important key to 
professionalism, the approach through groupism to 
raise the status of engineering would seem to have 
little chance for success in Designtown. Although 
the engineers’ association at One company concerns 
itself with some economic matters, such as salary 
surveys to match those made by management, its 
leaders carefully point out that “we stear clear of 
anything resembling union activities.” (The generally 
conservative outlook of the Designtown community 
may also have something to do with the avoidance 
of unionism. An independent businessman observed 
that from his own experience engineers are not 
inclined necessarily to be either “conservative” or 
“liberal,” that much depends on the environment 
At the University of Minnesota, most of his fellow 
engineering students had been conservative in their 
outlook; at Brooklyn Polytechnic, where he received 
his master’s degree in 1952, the prevailing temper of 
engineers was liberal.) 
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Special-shape Cams 
Reduce Speed Smoothly 


They oscillate two parallel power trains, but blend 
these motions perfectly to produce constant speed 


output. Just a twist of a dial sets any ratio from 9:1 up. 


pring return 


rocker arm 


SPEED-REDUCER converts single ro shaft, maintaining the preset o 

tary nput int scillations in two speed without fluctuation 

parallel power trains at recombines Length of output rotation for eact 

these oscillations to ; izle rotary stroke of the rocker arm—and hence 

output of the desir speed Input the output speed—depends on position 

shaft carries one cam for each power of the roller between the rocker arm 

rain. Cams are shaped to move rocker! and clutch lever arm. Reduction ratio PS Max output torque at any speed 
irms up and down in proper phas« is infinity (output is stationary) when is 2520 Ib-in. Highest permissible inpuf 

relationship to make the oscillations the roller is held directly under the speed is 450 rpm; highest possible out 

overlap and produce a smooth output rocker-arm pivot. Reduction ratio is put speed is 50 rpm. Power limit for 
‘tation. Each rocker arm transmits %:1 and output speed is maximum the unit is 2 hp, which is reached at 

movement through a roller to a clutch when roller is placed under end of 50 rpm and 2520 Ib-in. output torque 

lever arm. This arm drives the inner the rocker arm as shown in drawing Units are available with clockwise or 
wheel of a one-way sprag clutch An infinite variety of intermediate counterclockwise drive. With its self 

Sprags between the inner and outer ratios can be set by positioning the contained oil supply, speed-reducer 
wheels grip during forward motion of roller between these extremes Dial weighs 385 Ib. CONtorq is made by 

inner wheel and release during its positions moving nut which locates Fairbairn, Lawson, Combe and Bar 

return travel. Outer wheels on each both rollers simultaneously while unit bour Ltd, Leeds, England 

of the two clutche turn the output is stopped or while it is operating 
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PRODUCT DESIGNS | 





Pinch 
roller 


Choosing the right speed for 

this oscillographic recorder Vibe miitina 
is easy—just push a button 

and the right constant-mesh 

gear moves to engage a pin 

on the output shaft. Inter- Paper-transport 


locks prevent mistakes. aueemng 


Pushbutton Transmission Has Sure Touch 


FIVE PUSHBUTTONS are for selecting 
speed of the paper-drive; sixth actuates thé 
Speed transmission motor switch. Mechanical latch 
selection releases depressed button when another is 
Switch pushed. Interlock prevents more than on 
f button from being depressed at a time 

Depressing any one of the five recording 

speed pushbuttons moves its pushrod dowr 

Output tack on end of pushrod engages gear seg 
gear ment on toggle. When toggle pivots, torsion 

spring forces yoke to right, bringing tl 

clutch-gear dogs into engagement with the 

>| roll pins inserted in the output shaft 
a 5 drives shaft at the selected speed 

Dd ___—ransmiss on Drive pulley receives power from driv 

Switch > motor through a toothed belt. This pow 

is transmitted to the input pinion which i 

pinned to the input shaft. Intermeshed gear 
pinion sets, which rotate freely on the input 

and idler shafts, provide the primary gea 

reductions. Meshed clutch gears, which ro 

tate freely on output shaft until moved int 

contact with roll pins, supply the final redu 

tion 

Initial movement of the pushrod raises the 

spring-loaded latch, which permits compres 
sion spring to raise any other pushrods 
which have been depressed. Depression of 
any pushrod displaces the cam surfaces of 
four plastic interlocks into the path of all 

other speed-selection pushrods. When chang 
ing speeds, the depressed pushrod must be 

returned to its top position and the inter 

locks freed before clutch gear can engage 





PS Front-loading, 18-channel oscillographic recorder op- can record static or dynamic data from de to 5000 cps. Com 
erates on 115-v 60-cycle current. Light source for galvanometer plete unit weighs 40 Ib, measures 7% in. high, 13 in. wide, 
illumination is an automatically regulated mercury-vapor lamp 15% in. long. Type 5-124 Recording Oscillograph is produced 
Recorder produces 7-in.-wide record by printout without treat- by Electro Mechanical Instrument Div, Consolidated Electrody 
ment or chemical processing. Individual input for each channel namics, Pasadena, Calif 
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TRANSMISSION SWITCH is a 
press-to-stop type 

leaf-mounted con 
tacts. Only set of contacts is 
connected. Either set may be used 
For descriptive purposes upper set 
ts shall be assumed to be 
transmission motor 
the switch 


press-to-start 
with snap-action 


one 


of conta 
connected to 
Initial movement of 
pushrod lifts the latch, releasing 
speed-selection pushrods, and 
clutch gears As 
pushrod travels down, 
reed strikes the toggle cam 
it to pivot. If, for example, 
contacts left-hand face A 
motor 


any 
disengaging all 
the switch 
the 
causing 
the reed 
of the 
switch detail in sketch below) 
the link is pulled down 
depressing the actuator leaf. When 
the leaf flexes down, the 
the contact 
upper 


toggle cam 


(see 


switcn 


actuator 
roller 
leaf up 


Switch 


spring snaps 


the contacts 
engaged—its spring 
link and arm 
With toggle depressed, 
B of the cam 

When switch push 
the 


ciosing 
is now 
keeps switch toggle 
depressed 
opposite face is be 
neath the reed 


od is pressed again reed con 
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Actuotor leat 








Switch engaged 








_Yacomected 
lead 


—+—st 


cartel I 


| 
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Switch disengaged 


toggle cam, and 
Thi 


upward and 


cts face B of the 
link is 
actuator 


switch pushed up 


pushes leaf 





& STEPS GIVE MOLDS 
FOR METAL OR 
PLASTIC PARTS 


1 Pour the catalyzed fluid 
silicone rubber into a sim- 
ple form containing the part 
to be reproduced. Gear shown 
here could be any part 
requiring duplication. RTV 
silicone rubber flows readily, 
faithfully reproduces even 
finest detail. Mold forms for 
containing the fluid silicone 
rubber can be improvised 
from many materials. After 
pouring, let cast mold stand 
at room temperature for 24 
hr until the fluid vulcanizes 
to a firm, rubbery solid. The 
pattern may now be removed, 
leaving the rubber mold. 


silicone rubber molds for 


SHORT-RUN CASTINGS 


H A SMITH 
Silastic Fabrication Laboratory 
Dow Corning Corp, Midland, Mich 


| } 
licone rubber in make hexibie mold 
isting metal or plastic parts cheaply and quickh 


ire room-temperature vulcanizing (RTV) silicon 
mpound fluid rubbers that, when catalyzed, cure into 
firm, rubbery solids in 30 minutes to 24 hours without 
xternal heating 
his method of mold-making can assist product develo, 
- 
number of prototype parts can be quickl 
imple Design changes can be quick 


g new mé 


sensitive 


empecratul ind 


continued op¢ 
placement part is being 


er : 
i broken part can be used 


wn her 


fluid silicon 


EDITOR'S NOTE: Othe 


ylastics include the wil 
I 


Epoxy Parts Cast by Centrifugal Force, Ma) 
How to get precision plastic pi hn quantit 
not justify high tooling cost of injection molding 
Speed Your New Product with Cast Epoxy Models, | 
59, p 60—How to convert your new-product ide yu 
and directly into actual parts assemblies 
Epoxy Castings, June 3 
of casting resins and 
large castings as low-cost 
Cast Urethane Rubber, Sep 
experience with this abrasik 
property data, and show 
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z Cast the part desired directly 
into the RTV mold for pouring tem- 
peratures under 500 F. é 

of mold permits 
the cast part 
the original 
cone rubbers erent 
lease properties I t ow-melting 
alloys and therm resins can 
be cast in RTV silicone molds witl 
out any parting agent Complex 
parts with deep draws may 
a o to 5 hoi : ld 


requi 
deterger 
solution l a warm mold 

prevent icking. When castir 
n RTV silicone rubber 


the RTV mold 


part 


3 For casting a 
meiting temperatures 
ur a plaster 


4 Remove the rubber pattern 
and cast the final part nto 
plaster mc Flexibility f tt 


tne 
a er! 


ind its nonstickir 


ing irtac ine 


emoval simple in most 3¢ W 


sufficient to separate fina 


ind mold. Dimensional diffs 


between original and fi 
be 
inka 








A MESSAGE TO AMERICAN 


INDUSTRY + ONE OF A SERIES 


ow American Industry 
oints The Way To 
ustained Prosperity in 1961 


Something new and very constructive is happening 
in American industry. It promises to add a major 
element of strength to business not only in 1961 but 
right along over the years ahead. 

What is happeni ig is essentially this. American in- 
dustry is planning to continue to invest heavily 
in new and better producing facilities in spite 
of the fact that it has an excess of capacity to 
produce its present range of products. And, by 
doing so, business is helping to shape a stronger 
American economy. For the continuation of a high 
level of capital investment by business is one of the 
most important keys to sustained prosperity. 

News of this major new development in American 
industry is provided by the results of the McGraw-Hill 
Fall Survey of Business Investment Plans for 196] 
and 1962, presented in detail at the right. The 
McGraw-Hill investment surveys, now in their 13th 
year, cover a broad cross-section of American industry. 

How American industry is aiming to go ahead with 
a big investment program in spite of its present burden 
of excess producing capacity is highlighted by the 
plans of manufacturing companies. The McGraw-Hill 
fall survey finds that, on the average, these companies 
are using slightly less than 80 per cent of their pro- 
ducing capacity. They would like to be using well over 


90 per cent. 


Dramatic New Departure 

If historic investment patterns were being followed, 
our manufacturing companies, with only about 80 per 
cent of their capacity being employed, would be cut- 
ting back new investment programs drastically, and 
cutting down prosperity in the process, But — and 
here is the dramatic new fact — they plan almost 
no cut-backs in their investment programs. They 
plan to invest almost as much (within 3%) in 1961 as 
they are investing this year. And this year they are 
investing 19 per cent more than they did in 1959. 

There are two major reasons why American 
industry is unwilling to let its excess produc- 





PLANS FOR CAPITAL SPENDING 


(Billions of Dollars) 


1959 1960 1961 «61960-1961 1962 
INDUSTRY Actual* Estimated" Planned % Change Planned 





Iron and Steel $1.04 $1.52 $1.37 —10% $1.18 
Nonferrous Metals 3 x x] 0 32 
Machinery 3 1.15 i —3 1.11 
Electrical Machinery 52 £2 58 63 
Autos, Trucks & Part 54 89 55 1.02 


Transportation Equipment 
(Aircraft, Ships, R.R. Eq’pt Ss #..i 35 


Other Metalworking 88 3 d 47 
Chemicals 
Paper and Pulp 63 15 J 53 
Rubber 19 24 : 20 
tone, Clay and Glas 53 63 55 
Petroleum & Coal Product 2.49 2.50 
Food and Beverages 82 M ‘ $7 
Textiles Al 53 . 40 
Miscellaneous Manufacturing 1.07 1.28 
ALL MANUFACTURING 12.07 14.33 
Mining 59 59 0 88 
Railroads 52 «(1.04 19 83 
Other Transportatica 
& Communications 4.69 5.20 461 —11 4.18 
Electric And Gas Utilitie 5.67 589 614 +4 6.01 
Commercial (1) 8.21 8.61 8.70 +1 8.54 
ALL BUSINESS 32.55 3.06 3507 —3 33.80 
*U.S. Department of Commerce, Securities and Exchange Commission 
McGraw-Hill Department of Economics 


Figure based on large chain, mail order and department stores, in 
surance companies, banks and other commercial businesses 





ing capacity stall its investment in new facilities 
until the capacity is more fully used. One is that 
a lot of this capacity is obsolete and costly to 
operate. Increasingly rugged competition is creating 
a strong inducement to replace this antique capacity 
with modern, more efficient equipment which is widely 
available 
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“R And D”’ Paves The Way 


The steel industry provides a good case in point. 


Despite an operating rate of little more than 50 pet 
cent during the last six months, steel companies plan 
a total investment of nearly $1.4 billion in 1961. And 
though this is 10 per cent below their capital expendi- 
tures in 1960, it will still be the third highest year on 
record. 


incentive and wherewithal to continue a vigorous pro- 
gram of new investment. In addition, if price inflation 
were to begin surging again, it would eat away the 
power! ol depres lation reserves to pure hase new plant 


and equipment, 


The allowances now permitted American industrial 
firms for the depreciation of their producing facili- 


ties are lower than those made in any of the industrial 





Billion Dollars 


35 





28 


21 





CORPORATE CASH FLOW 


Retained Profits 


Source: U.S. Department of Commerce; McGraw-Hill Department of Economics 








Depreciation 


1959 1960 1961 





Also, new investment is required to tool up 
for the manufacture of the new products being 
spawned by the continuing boom in industrial 
research and development. This year, we are 
spending about $13 billion (that’s billion) for all re- 
search and development, about $9.6 billion of it 


through industry.* And out of it is coming the “know- 
how” for a veritable flood of new products, processes 
and equipment, most all of these calling for new pro- 
ducing equipment. Next year, American manufacturers 
plan to get 12 per cent of their sales in products that 


did not even exist four years ago. 


Key Role Of Depreciation Reserves 

A major reason why American industry can 
combine the desire to carry out big new invest- 
ment programs with the necessary financial ca- 
pacity to do it is to be found in the growth of its 
reserves for depreciation. This year, (1960), busi- 
ness has been in a squeeze between costs and the prices 
it could get for its products. This cost-price squeeze 
has reduced profits sharply. The total of profits for the 
year will be down about 5 per cent. 

Allowances for the depreciation of existing plant 
and equipment, however, have continued to rise, The 
result is that the so-called cash flow of corporations 
(their retained profits plus their allowances for depre- 
ciation) is the same this year as last. And this cash 
flow, shown in the chart above, makes a decisive con- 
tribution to financing new investment. 


Inflation Would Be Deadly 


If the sort of profit squeeze that has prevailed this 
vear were to become chronic, it would blight both the 
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countries with which we are in increasingly tough 
competition, More adequate allowances would speed 
up the job of modernizing American industry. An 
earlier McGraw-Hill survey indicated that it would 
cost only slightly less than $100 billion to bring our 


nation’s plant and equipment up to dat 


But at this juncture, American industry’s 
eagerness and capacity to maintain a high level 
of investment capital is adding a great new ele- 
ment of constructive strength to the nation’s 
economy. 


*The significance of this boom for American indu 

lyzed in a new McGraw-Hill book, “The Research 

by Leonerd Silk, Economics Editor of Business Weex 
gether with other new business investmet t trends the “R & D 
boom also constitutes a key part of another new McGraw-Hill 
book, “New Forces in American Business” by Dexter M 
Keezer and associates the November selection of the Busi 
ness Book Club 





This message was prepared by my staff asso- 
clates as part of our company-w ide effort to re- 
port on major new developments in American 
business and industry. Permission is freely ex- 
tended to newspapers, groups or individuals to 


quote or reprint all or part of the text 


PRESIDENT 


McGRAW-HILL PUBLISHING COMPANY 

















In selecting motors for special duty cycles 


these simple tests determine 


DRIVE-ACCELERATION TIME 


V B HONSINGER, chief engineer 
Development Lab, Norwood (Oh 
Allis-Chalmers Mfg Co 


PARAMETERS OF DUTY CYCLE 


In selecting motors for special duty cycles—revers- 
ing service, low-torque starting, fluctuating loads, Scie: tion of a motor on th 
constant acceleration—these seven points define the which depends on load inertia a eu load 
duty cycle. may be solved, excluding th of environmenta 


ditio ifferent rning the ro 
1. WK? of the connected load referred to the motor itions, by the differe1 ming 


choht. of rigid bodies 

2. Load horsepower and length of time for each 
period of running. 

3. Time standing idle. In the torque-spec 
4. Frequency of starts, stops, reversals, or speed torque available to dri 
changes. ess the load torq uc l 

5. Where stops are involved, are they by mechan- the inertia J] thus det 
ical brake, dynamic braking, plugging, or coasting? 

6. Friction torque of the load, when it must be nts the 
brought up to speed in a fixed time. If load torque Usuallv. the torqu 


varies appreciably with speed (as in a fan drive near zero speed caused by 


calculation of acceleration time requires the speed- ’way torque required to start the machine. Th 


torque characteristics of the load. torque 7 | motion and 


7. Any unusual requirement, such as space limita- it to the point of inter . the tu 
tions, high ambient temperature, or need for high full-load speed 
torque to prevent the motor from pulling out during lhe running load and in f the 
a momentary excessive load. ured by relatively simp requiring 
immeter, wattmeter, tachometer and stopw 
Equations for s ite and celet 


mm the basi 


TORQUE-SPEED CURVE FOR A TYPICAL DRIVE. 
Accelerating torque at any speed is the difference 
between motor torque and the load torque at 

that speed. Colored area discloses accelerating 


ability of the system 


REPRINTED—Circle P75, inside back cover - starting ~ 
torque 








EFFICIENCY of 
60-cycle NEMA 


eds fr 


Steady state 


Motor shutott 


- 


Tongent at t=0 


Dece/eration curve 





Load torque at steady state 








{aN/ét)ot t=O 








MOMENT OF INERTIA OF THE SYSTEM « 
lated from slope of the t gent d-t 
SYMBOLS tion curve at 


» the peed 
it 
sccuracy the 


| ) 
motor plus load Vals, plotted ag 
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ACCELERATION TIME FOR 
THE SYSTEM can be 
obtained graphically by this 
method of integrating the speed 
torque curves of motor and 
load. Net torque value (left) 

is inverted and plotted against 
speed (center), and the area 
under the curve is plotted for 
each speed to give acceleration 





If deceleration takes 10 sec or more, the deceleration 


curve may be taken with a stopwatch and speed indicator 


For loads which decelerate faster, an oscil 


lograph can be 
used with a tachometer generator. Speed can be measured 
at either the motor or load, but if measured at the load the 
calculated value of J (inversely proportional to the square 
of the speed) must be referred to the motor shaft. 

If greater accuracy is needed than can be obtained by 
drawing the tangent to the deceleration curve at the point 
where the motor is shut off, subdivide the deceleration 
curve into equal time intervals, calculate the slopes, plot a 
deceleration curve, and extrapolate to the starting point 


Speed-torque curve of the load may be useful for spe 
cial acceleration conditions. Using values of dN/dt from 
the deceleration curve, T, is calculated for a range of speeds 
and plotted against speed. If the speed-time curve is linear 
or nearly so, the load is constant with respect to speed 


Acceleration-time curve can be obtained from the de 
celeration curve if the speed-torque curve of the motor is 
known together with the speed-torque curve of the load 
ind inertia of the system. Integrating the equation for T, 


2xJ ' aN 

60g f —T, 
he integral can be solved when the speed-torque curves 
and JT, are known. If 7 I, is constant, the value of 


} 
the integral is 


2nJ J 
yg T-T, 208 (T-T, 
ere 7 T, is not constant and graphical values of 7 
and T, are available, the integration can be performed 
graphically in the three steps shown above. First, the 
motor and load speed torque curves are plotted; then 
the reciprocal acceleration torque 1/(1 r,) at each 
speed N is plotted; and finally the area formed by the curve 
olored area in figure) at each speed N is measured and 
multiplied by 2 #]/60g. This 
speed N. 


the time to accelerate to 


56 


time 


Environment is Important 


1 


Acid erosion, caustic attack, 
moisture and humidity, variations in temperature 
by solid particles, electrical and mechanical stresses 
forces, and oil contamination are a few factors that may 


be encountered. To sharpen judgment when dealing wit! 


these problems, first consider those pliysical byproduct 
the output which leave the motor—the quality of 
performed by the motor; and then those factor 
enter the motor and affect motor life. Heat is an ex 
it is a byproduct of the output which limits t 
motor 

Service performed. A motor driving a comp 
transmit undesired vibrations through the mot 
A pump motor may transmit torsional vibration 
pump impeller and the piping, generating unwant 


} 
re 


Motors generate electromagnetic radiation, 01 


affects products, or sparks which cause explosion 

Motor life. Substances which enter the motor 
gases and liquids, solid particles, and vibration 
motor life by attacking insulation. Another factor 

for each 8 to 10 deg C rise in temperature the insula 
tion life is halved. Operate a class A motor continuously at 
an overload of about 15% and the increased temperat 
of about 10 deg C will cut motor life in half 


For REPRINT of above article, just check P75 on one of the 
Reader Service cards found in this issue. 


EDITOR’S NOTE: Recent articles offering design assist 
ance in selecting motors for duty-cycle conditions include 
Which Heat Protector for the Motor, Sep 12 ‘60, p 53 
Characteristics and limitations of inherent thermal-prote« 
tion systems for motors even when duty cycle is not readily 

predictable. 

The Significance of WK* and How to Calculate It, Jun 
27 °60, p 39—Methods for computing inertia of the system 
referred to the motor shaft for linear and rotary motion 
and torque-speed curves for NEMA Design D motors 

For several earlier articles, see the list published June 
27, 60, p. 46. 
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Calendar Gives Fast Look-ahead 














With it you can find the interval between two work-program 


dates by one quick subtraction. 


O K GRADE, senior methods engineer 


ar you number the days of the week and the weeks 
of the year as in the revised calendar below, you can 
key your work program with production schedules 


little mental arithmetic is all vou 
between two dates 


EXAMPLE I: A decision for design modifications is 


made Jan 16. Production of the 
s to begin July 21 


SOLUTION: lan I number 


Machlett Laboratories Inc 


redesigned product 


How much time do you have? 


Springdale Conr 


week, 


veek, 


26 weeks, 4 « 


EXAMPLE II: Watch o 


ng a tink 


SOLUTON: Jan 2! 


ninus 3-5 ] 


If the se 


petween Jan d 


we 








Working 
week 


Wor king 
week 




















February 

















September 





October 

















November 





December 
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News! The best features of 
modern bearing design combined and refined in 


SELF-ALIGNING ROLLER 
BEARINGS BY LINK-BELT 


IG, mirror-smooth convex rollers 
B plus heavy, broad-shouldered in- 
ner race plus centrifugally-cast bronze, 
precision-machined retainers! Only 
from Link-Belt do you get ALL that 
is best in modern bearing design. 

Individually, these elements repre- 
sent major improvements on accepted 
design concepts. Collectively, they con- 
stitute the most efficient spherical roller 
bearings available promise un- 
equalled economies, whatever the ap- 
plication. 

Your Link-Belt office will gladly 
explain the many performance advan- 
tages evolved with this new design. It 
can furnish full data on industry’s most 
complete line of ball and roller bear- 
pillow blocks and flanged, 
flanged-cartridge, and take- 
up blocks. 


LINK 


MANUFACTURERS OF SELF-ALIGNING 
BALL AND ROLLER BEARINGS 


LINK-BELT COMPANY: Executive Offices, 
Prudential Plaza, Chicago 1. Plants, 
Sales Offices and Distributors in All! 
Principal Cities. 14,819-A 


Ings 
cartridge, 


©}BELT 


son wt 


BIG, HIGHEST-CAPACITY ROLLERS. Each 
bearing has a maximum number of rollers 
—as large as possible, yet all components 
are in optimum balance. 


CIRCLE 58 ON READER SERVICE CARD 


HICH, HEAVY INNER RACE FLANGES 
present convenient hold for assembly and 
removal of bearing without cutting away 
shaft, avoid any need to skimp on shaft 
shoulders. 


PRECISION-MACHINED, CENTRIFUGALLY- 
CAST BRONZE RETAINERS have many times 
more support and ability to withstand 
high stress. They are not stampings. De- 
Sign assures maximum bearing efficiency. 
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STEEL TUBING=— Its weight? Its annular area? 


SYMBOLS 


/ — 
/ \ = Annular area, in.” 
j \ Birmingham wire gage 
, : ° , | - t = Outside diameter, in 
Nomograph gives quick J - Shear strength, !b 
\y, A s = Shear resistance, psi 
answers, also speeds calcu- Vp KRY t = Wall thickness, in 
NOTAR © 
el 


-'n moO 


= Weight, lb ft 


|Z'0 


lation of tubing shear le Do | 


strength. 


| 


F KAPLAN 
Kaiser Engineers Div, Henry J Kaiser Co 
Ockland, Calif 


mr- 7 


} 


Know the 


teel tubing when 
He must also 
} 


bing 


O Kno tric weight f the tu 
when he is planning the lightest 


ractical supports for it, or where 


weight of the equipment itself must 
e held to a minimum 
One line drawn on 
iph at right g 
t steel tubing 
ea for differen 
trength I equ 
Hes she ir re 


} 
mience, several 
" hi } 
ige vaiuc na 


the wall-thickn 


EXAMPLE: A 

borne winch ha 

n. and wal 
What shear load can it stand? How 
ich weight will 4 ft of this tub 


ng add to the winch? 


SOLUTION: fy thi teel, shear 
istance s 1s 45,000 psi. On the 
mograph draw a line fro 
1 the left-hand 

?. 875 in. on th 
Annular area 


Shear strength / 


O 
Also provided 
ins weight 


+ ft is 15.4 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 





Low-temperature infrared heat 


is produced by catalytically-active metal 


screen on which I P gas energy 1s d rectly 
converted to infrared heat energy. Com 
bustion occurs below flammable range 
Screen itself, acting as radiant heat sour 
can be held to 800 to 1500 F, all 
work to be placed close by. Panels, avail 
ible in standard sizes, provide heat relea 
ranging from 2000 to 12,000 btu per hn 
per sq ft of emission surface. This is al 
most equal to 4 to 24 w per sq in. Cata 
lytic Combustion Corp, 4725 14th St, 
Detroit 8. 

Circle 302 on Reader Service Card 











Filter has magnet positioned downstream .. . 


of screen where velocity is lowest This means that filter's external indicator can b 


arranged to signal for magnet clean-out before metal particles can form clusters 
arger-than-allowabk particles are passe d. Pressure drop is controlled by an adjustable 
2-15 psi level. With fluids of 150 ssu, available 


I 


pring assembly so that it is kept to a 


| 
models have flow rates ranging from 4 to 3 


5 gpm. Prices range from apprex $55 t 
$734, depending on model and capacity. Distribution is national. Rosaen Co, 1776 
FE. 9 Mile Road, Hazel Park, Mich. 
Circle 300 on Reader Service Card 
5-hp transmission . 
for high-speed positioning and seq 
instantly reverses in 0.2 sec under sever 
ndition Engaging one of two opp 
magnetic clutches provid 
engaging the other produces 
Has high degree of amplifica 
permits use of low power Sig 
rvo systems Operates trom a 
ac supply. Rated 5 hp at 1750 rpm, 
nit transmits torques of mor¢ than 250 
in. under transient conditions. Under 
teady-state onditions at any speed, it 
delivers 180 Ib.-in. Measures 104 x 94 x 
104 and weighs 55 lb. Priced at apy 
mately $495; delivered in approximately 


proxi 


16 wk Airborne Accessories Corp, In- 
dustrial Div, 1414 Chestnut Ave, Hillside 
5, NJ. 
Circle 303 on Reader Service Card 
Disposable interception filter . . . 
is made of pleated fiberglass mat material to provide max filter area for room recircula 
ts, kitchen range hoods and electronic cabinet cooling. Does not require positive 
m to filter properly. Six-in. wide unit has min efficiency of 90% by N.B.S Wheel on switch top eee 
dust spot test and average efficiency of 95%. Provides from 0.08 in. water resistance at idjusts differential travel within | 
60 cfm t 52 at 250 cfm. Seven-in. wide unit is an average 80 to 85% efficient, and 1.007 in. Changing differential travel like 


l in. water resistance at 50 cfm to 0.460 at 125 cfm Priced at wise changes contact break distance, pr 


provides from 0.13 
under $1\ some standard sizes from stock; delivery in 4 wk on special sizes. Cam travel distance and operating and differen 
bridge Filter Products, 738 E. Erie Blvd, Syracuse 1, NY. tial forces. Operating force varies from 12 


Circle 301 on Reader Service Card to 32 oz, and differential force from 2 to 
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ening. Available for ye to é-in. screw 
sizes. Shakeproof Div, [Illinois Tool 
Works, St Charles Rd, Elgin, Ill. 

Circle 306 on Reader Service Card 


15 o2 Release force remains at | 
regardless of differential setting. Swit 
is rated at 20 amp at 120, 250 or 460 
ac; + hp at 115 v ac; and 14 hp at 23 
a Said to last for over million oper i - é R 
ations. From stock at $3.50 each. Micro Indicator with one moving part 
Switch Div, Minneapolis-Honeywell Regu j 7 operates magnetically through rotor floated 
lator Co, Freeport, Ill. n silicone fluid. FEliminat need for 
Circle 304 on Reader Service Card ; — icat ring ring ranical 


Dp 


Vacuum le rotor statically 
balanced about it veight is 
qualed pl ( lui ng it less 


n either 


ignals 


Index drive has zero backlash 


in dwell position Modified trapezoid . ’ : ’ —— tuate 


‘ , es s in ierk-fr Saint 
icceicration results in rk-free imtermuit sicnal and 
tent drive with min vibrations even at position 
peeds of 1000 indexes per min. Index sermienans 


ing accuracy is said to be within 0.001 in 
Standard modcls, with basic load ratings 


f 625 to 5000 in.-Ib and upwards, hav n quantities of 10 


Delive in vk. Specialties Inc, Skunks 
Misery Rd, Syosset, NY 
Circle 310 on Reader Service Card 


preloaded, roller-bearing followers and 
hardened and ground tool-steel cams. Price 


range trom ippre ximately $600 to $138 


Delivery in 2 wk. Commercial Cam & 
Machine Co, 455 N Artesian Ave, Chi 


ago 12 


Circle 307 on Reader Service Card 


Two-part sliding-door track 


liminates metal-to-metal and _glass-t 


metal contact encountered when sliding 


RECOMMENDED SEAL CAVITY 
doors or panels ride directly on plasti 
track Female” profile on sliding door 

male” track which is fastened t 

Glide extrusions, made of high 
impact styrene, are snap fitted, eliminating 
fasteners or cement Priced at approx 
mately 10¢ per ft. Delivery in 2 to 3 wk 
Anchor Plastics Co Inc, 36-36 36th St, 
Long Island City 6, NY 

Circle 305 on Reader Service Card Metallic static seal... 


has zero leakag 


O15 R MAX 


) Hydraulic power supply . . . 
ittamed t | Hang nt UUO0 psi at U.> gal. per min., per 
! irfac vish ‘ rm ttin of 1] iston areas and 
Available from 4-in. to more than 3-ft dia ntrol sy Dry-nitrogen 
Servotronics Inc, 190 Gruner Rd. Buffalo wccumulator remov pressure surges and 


— 


2 hile niatur h regulates 
Circle 308 on Reader Service Card 


ystem 


i t n « iriven from 
Miniature bellows .. . ae wntien Of 
and diaphragms are available with wa 

Folder-rim lock washer . . . sections of 0.0005 to 0.005 in 


reportedly eliminates thread leakage under suitable for 
00 | Double-layer rim is formed by 


n material 
, rT igh-pres ° . 
high-temperature, high-pri tart Delis ‘ 


sure and nonmagneti applications - 
—_ Svstem Analysis Inc, 2305 


turning back crimping } S:; Kine 7. > > i 
urn ack and crimping iside dia uid Kinemotive Corp, P O Box 386, Hunt Country Club Rd. Endicott, NY. 
to resist extreme fastening stresses and ington Station, NY. Circle 311 on Reader Service Card 
prevent slipping or creeping during tight Circle 309 on Reader Service Card 


ntinued on page 62 
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COMPONENTS * MATERIALS + PROCESSES 


continued 


Chronometrically governed 
motor... 


an operate for more than 2 yr on a 
When used as 


i clock drive, a constant speed of 150 rpm 


standard flashlight battery 


is maintained by balance wheel-hairspring 
mechanism with an accuracy of +10 s« 

in 24 hr even with 0.9 to 1.8 v input 
If battery voltage is high, motor rotor 


iutomatically compensates by shutting off 


its own current at frequent intervals 
When i 


rotor 
oto! 


voltage is iow, current flows t 


for longer periods. Measures 17 x 
4 x 4 in. and weighs 3 oz. Available 
for from 0.5 to l2 vd AW 
Hayden Co, Waterbury, Conn 


Circle 312 on Reader Service Card 


for voltages 


Mass-production sealing . . . 
f any shape or size component 

dense 
rubber: soft dense 
plastisol; soft closed-cell vinyl 


mn pe unds 


sible. Sealants include: soft 

sed-cell sponge 
asphaltum 
specially compounded wax« 
ind other elastomeric insulating materials 
Automotive Rubber Co, 12550 Beech Rd, 
Detroit 39. 


Circle 313 on Reader Service Card 





Hydraulic, air check valve . . . 
has a highly sensitive ball check to pro 
vide full flow in one direction and instant 


} 


hecking in revers¢ Ball is t 


onfined to 

limits and in move only in a 
vertical plane from its seat. Since ball 
irea is double that of seat area, pressure 
ipplied over the former as it leaves its 


i t to accelerate, giving a rapid 


at low differentials, without 
iatter Operating pressure of aluminum 
model i 3000 psi; steel and _ stainless 
Available 

}-, g-, 4- and 2-in. pipe or tub zx 

Auto-?o.ients Inc, 30001 Grant St, Bell 
Wood, Ill. 


Circle 314 on Reader Service Card 


steel model, 5000 psi 


Solenoid-driven rotary switch 
including an anti-overshoot detent mech- 
nism, steps 360° in 30° increments and is 
single-pulse operated Drive package 
measures 1% in. long and will fit in 14-in 
dia tube after wiring. Pulls up to 10 wafers 
Wafers can be 
stacked back-to-back on output shaft with 
out use of spacers. Licon Div, Illinois 
lool Works, 6606 W Dakin St, Chicago. 
Circle 315 on Reader Service Card 


at 60 w or less input 


Infrared detector. . . 
has a mean-time constant of 375 microse 


ind a dark-resistance range from 500 


kilohm to 1.5 megohm. At normal room 
temperatures, cell is sensitive to visible 
ind intermediate infrared radiation over 
Priced at $6.15 
each in quantities of | doz. Tupper Trent 
Co Inc, 207 Carter St, Chelsea 50, Mass. 

Circle 316 on Reader Service Card 


1 0.7 to 2.7-micron range 


Coupler combines O-ring, 
E-packer seals .. . 


to prevent spray when connecting or di 
Metal t 


vhen valve is in closed position controls 


metal stop 


onnecting 
I 


oupling 
valve seal’s compression and displacement 
Coupling is available with both nipple and 
oupler valved for double or single shutoff 
Sizes range from 4 to 6 in. Snap-Tite Inc, 
Union City, Penna. 

Circle 317 on Reader Service Card 


Centrifugal pumps .. . 
yperate at 1750 rpm, making them suit 
ible for 
Pumping rates range from 15 


low-noise-level requirements 
to 500 gal 
with heads to 110 ft. Ball-bear 


ing motors, available in either dripproof 


per muin., 


or totally enclosed construction, are rated 
from 4 to 74 hp. Can be mounted 
horizontally, vertically, or at any angle 
between, provided motor is kept higher 
than pump. Sizes range from 18% to 243 
in. long and from 1l¥e to 1544 in. wide 
Ingersoll-Rand Co, 11 Broadway, New 
York 4. 

Circle 318 on Reader Service Card 


Phase-shifting transducer . . . 
generates continuous time delays or phase 
variations directly proportional to shaft 
rotations. Operates at speeds up to 500\ 


rpm at any speci frequency up to 


design and | 

cut out noise. Ck 
no brush« ‘an be used as a fi 
generator, frequency changer, m 
wave phase-shifter and in frequ 
sponse testing of feedback control syst 
Nilsen Mfg Co, PO Box 127, Haines City 
Fla. 


Circle 319 on Reader Service Card 


Solid-state time delays... 


operate on 18 to 32 v de and 


delay ther on pull-in or drop- 

total span from 0.01 sec to 10 hr lima 

rang illow adjustment ratios of 10, 
an > 9 


vu UU or 300 to 


200, 12 
wo ambient ranges 67 t 
67 to 257 F, with fixed 
conditio ‘ wacies of +3 or 5° Out 
put can be either solid-state (up to 5 amp 
or relay devices (up to 
potted and _ hermetically 


10 amp). Contain 
printed 
uit panels and integral transient-sup 

Elizabeth Div, Elastic 
America, Elizabeth, 


sealed 


pre ssion network 
Stop Nut ¢ orp of 
NJ. 

Circle 320 on Reader Service Card 


, 
- 
; 
; 


ee eg ae ee eee 


All-rubber pushbutton station 

is suitable for any 2-station application 
Meets NEMA enclosure requirements typ 
1, 4 and 5 for both heavy and standar 

duty operation. Has micro type l 

pole switches with normally open and/or 
Molded-rubber 


onstruction is said to provide 


normally closed sontacts 
operator 
safety, long life and corrosion-free service 
Joy Mfg Co, Electrical Products Div 
1201 Macklind Ave, St. Louis 10. 


Circle 321 on Reader Service Card 


Self-manifolding valve . . 
i 2-position, NC or NO 
netic or manually operated unit. Ha 


i Vay 


inced poppet moving between tw: 
bubbletight seats and a symmetrical b« 


Can be manifolded into any numb 


continued on page 
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WHICH OF THESE 


For hand tools. Where space is a problem—as in portable tools like 
this one—the high offset lets you design a more compact unit. Choose 
just the offset to solve your design problem with a more flexible, more 


compact unit than the corresponding worm and wheel. 


Big and strong. Where you need strength—as in farm machinery— 
high-offset hypoid pinions (with teeth which tend to 
larger and stronger than corresponding bevel pinions. An extended shank 


on cylindrical pinions makes very rigid straddle mountings practical 


High-offset or high-ratio hypoids can be cut, tested, and 
quenched on the same Gleason equipment that is used 
on more familiar spiral bevel and hypoid gears. You can 
get more information about Gleason high-ratio hypoid 
gears by writing for free literature. Submit your prints 


for recommendations. ° 


tion with strength, cor 
profitable in designing machine t 


on Gleason equipment for 


“wrap around’) are 


ee etl 


mbine high reduc- 


npactness and other adva yes you might find 


or machine tools. This high-offset pair lets you 


High-rat ypoid un be produced 


ratios of nn gner 





.. or small and smooth. For smooth operation—as in office equip- 


et tooth 


ment that must run quietly—high-offset pai 


action. Because teeth wrap na tt 


<t ne Oo teeth 


action—even with 


applications requiring p 


WORKS 


GLEASON 


UNIVERSITY AVE... ROCHESTER 3 N.Y, 





COMPONENTS + MATERIALS + PROCESSES 
. « » continued 

for valves. Each valve has two in-line ports 
and a third port perpendicular to them 


protection Operating pressure at all ports is 0 to 3000 


psig (0 to 6000 psig on special models) 
Proof pressure is 4500 psig, and burst 
on light pressure is 7500 psig. Ambient and line 
fluid operating temperature is from —65 
metais to 160 F (special models up to 300 F) 
Requires 18 to 29 v de or 100 to 125 v 


ac coil. Marotta Valve Corp, Boonton, 
N]. 


* CIRCLE 322 ON READER SERVICE CARD 
you need QUTEID 
9 1 YZ ; J 
PROCESS ENGINEERED loom |} L a 
CHROMATE CONVERSION COATINGS a Z 


Iridite protects against high altitude =" 
weather extremes and against corro- 
sion by hydrocarbon fuels, such as 


poet any mca Pushbutton tie-clamp . . . 


snaps into any 0.250 to 0.265-in.-dia hole, 


<2> Iridite provides a highly protective fastening wire tie to chassis or frame. ‘Tie 
non-porous paint base. adjusts to 30 sizes from 4 to 1] ¥-in. dia 


<3s> Iridite protects against corrosive and can be opened and closed without 
storage conditions. removing pushbutton mounting. Made of 


LOCKHEED ELECTRA a a | high-dielectric polyethylene in red, blue 
and yellow. Priced at $13.95 per 1000 


n quantities from 1000 to 9999. Richco 
Plastic Co, 3722 W North Ave, Chicago 
47. 

CIRCLE 323 ON READER SERVICE CARD 





Size 00 starters, contactors 
And, Iridite gives you these ire suitable for nonreversing, full-voltag 


additional advantages: starting of 4- to 2-hp squirrel-cage motors 


on sain 4 : ' Can be used on either single- or three 
M—needs only normal pre- 

cleaning. Film withstands cold forming 

or bending. Easily heliarc welded. it 1 r Sather ws ' 

Unusually low electrical resistance. Clear, peppy Yement Lo PCEERSTOVEISS. ems 

yellow or dye-colored finishes. Available as open type or in NEMA Type 


ON MAGNESIUM—short immersion, room 1 enclosures in thse eo ghee prs 
temperature solution, no electrical equip- pushbutton operation; with “hand-off 
ment. Corrosion protection relatively automatic” selector switch; or with “‘start 
unaffected by high drying temperatures. stop” pushbutton, Clark Controller Co, 
Applicable to all alloys. Low electrical 1146 E 152nd St, Cleveland 10. 


CONVAIR- resistance. Color ranges from light gray Circle 324 on Reader Service Card 
ASTRONAUTICS to dark brown. 


MIDITE—a specialized line of chromate 
conversion coatings for non-ferrous 
For complete infer- metals. Easily applied at room tem- 
mation on Iridite, ve peratures with short immersion, man- 
contact your Allied ually or with automatic equipment. 
Field Engineer. He's R > ° . " 

listed under “Plating | Forms a thin film which becomes an 
Supplies” in the , integral part of the metal. Cannot 
yellow pages. Or, chip, flake or peel; special equipment, 
write for FREE TECH- aie es ; highlv . 
NICAL DATA FILES. exhaust systems or hig ly trained 
personnel not required. 


phase motors operating on 110 to 600 v 
25 to 60 c. ‘Starters are equipped with 














Iridite is approved under government 
and Industrial specifications. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET * BALTIMORE 5, MARYLAND : : ‘ 
cee OG SANG ¢ Gibiel 9, arenes Molded-barrier terminal 
Wet Coos! Licensee for Process Chemicals: |. H. Butcher Co. bl k 
ls * 
Evropean Agent: Sture Gronberger Storgaton 10, Stockholm. Sweden Wie a i 43 : = " :, 
Chemicol ond Electrochemco! Processes, Anodes, Rectifers, Equipment ond Supplies for Mata! Finishing measuring ys in. wide and 48 mi. long, ac 


ip r iRiLac hd TIT Th °| <p" | y WAGNER | commodates up to 21 terminals Has 
Chromotes Coatings Brighteners Supplies Equipment 


threaded studs and slotted nuts for rapid 
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assembly Hole lug i lipped over stud 
and slotted nut then is tightened. Kukla 
Electric Corp, 633-643 S Fulton Ave, Mt 
Vernon, NY. 

Circle 325 on Reader Service Card 


+ 


Dual-outlet blower . . . 
has 115-v, 60-c motor iailable on 
special order Operates in ambient tem 
peratures of 29.2 to 199.4 F and has 
total free-air delivery of 150 cfm. Rated 
fm at 0.4 in. of water static pres 
Measures 62 in. long x 7? in 


Ripley Co Inc, Middletown, Conn 
Circle 326 on Reader Service Card 


Induction- “type vane-axial fan 
at 345( rpm Its 


tip | ] vel U clm 


perates on v, ¢ 
rise f vat 
id give dary laver-contt i 
ind ration General Dynamics Corp, 
Groton, Conn 
Circle 327 on Reader Service Card 


Servomount clamps .. . 
rmly holds any standard servomoun 
lent m | when thr are attached 
fixture I) 
Have on 
g and operating 
Priced at $12 
in ] f Angler Industries, 

N]. 


minates need 
tapped hole 
handle s of various 

Delivery 
Metuchen, 


50 each 


Circle 328 on Reader Service Card 
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DO YOU HAVE THE BEST 
CHAIN SELECTION 


For Efficient Operation 
of your installation? 


Without correct size 

chaining, you are risking 

the chance of breakdown that can 
severely set back production and 

result in loss of profit and payment 

of overhead on unproductive machinery. 


Consult Acme’s Engineering Department for 
assistance in selecting the proper chain for your instal- 
lation. By taking into consideration such factors as horsepower 
to be transmitted, size and speed of shaft, space limitations, etc. this will 
determine the standard size of chain required to do the job best. This size 
or any other can be obtained off-the-shelf from your local Industrial 
Distributor. 


Your Industrial Distributor can supply you promptly with Acme Roller 
Chains in 12 standard sizes from ,” pitch to 24%” pitch. He has the full 
cooperation of our Engineering Department. Contact him. 


[ ée | 
C’ ['o Ma 


MASSACHUSETTS 


RELIABLE CHAIN DRIVES FOR ALL INDUSTRIES 





ROLLER CHAINS, SPROCKETS, CONVEYOR CHAINS, FLEXIBLE 
COUPLINGS, ATTACHMENTS Spe c i Stendoard 
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it's DELRIN 


ou get metal-like properties in 
- se new, plastic, prevailing- 
torque lock nuts: excellent 
strength, rigidity and dimensional 
stability. 

Recommended for light metal 
toys and similar fast- 
. they can save about half 
the cost of aluminum lock nuts. 

Available in #10 and 4” sizes, 
the RB&W open end acorn nuts 
have holding strength of 500-700 
Ibs in straight tension. Prevailing 
torque (a measure of its locking) 

8-10 in-Ibs for the 410; and 12- 
15 in-lbs for the 44”. The nut forms 
ts own thread. Pigmented gray is 
tandard; other colors available in 
production quantities, 
Send for samples. 


assemblies, 
ening .. 


Reusable. 


Ask about other sizes and styles... and 
other parts custom molded from Delrin or 
other thermoplastics in production lots. 


Burdsall & Ward 
Po rt 


Write 
Bolt 
Cheste 


Russell, 
and Nut Company, 
. New York. 


*Lulont trademark 


RB-W 


116th year 


CIRCLE 66 ON READER SERVICE CARD 


Creative Engineering Design 


HAROLD R BUHL, associcte professor of en- 
gineering, lowa State Univ. lowa State Uni- 


versity Press, Ames ‘owo. 7 x 9, 195 pp. 
$3.95 


Recent ‘dics at t ( 
Chicago hat 
1 sense of wumo ire 
linked. If 


has the right idea because he ‘as 


niversity of 


im Wa creativity and 


¢ lose hy 
Buhl 


used 


vcry 
thi SO, Professor 


a number of cartoons, and ica}ly 
speaking, only, te illustrate 
this text ial for 
mat, with the outer third of each page 
devoted to footnotes, the cartoons, 


the 


cartoons 
t also has an unust 
and 


space for reader’s notes and con 
ments 

Essentially he is aiming at execu 
and en 
an understanding of the cre 


and to 


tives who want to stimulate 
courage 
ative process 


effort 


however, 


Inspire cre 


ative he 


book. 


engincers 


among personnel. 
will also be useful 
seeking ways to improve 


Buhl 


have 


their creative output. Professor 
admits that 
much more 


in this 


some individuals 
innate 


direction, 


ability than others 
but that 
awareness of the obstacles to creativity 


believes 


and application of creative problem 
solving in everyday work will result 
in improvement and fuller use of what 
ever ability the individual may 


Obstacles to creativity are some 


innate 
have. 
times psychological factors within the 
person himself, or they may lie within 
his environment, Buhl explains, or in 
his habitual methods of perception and 
thought. 


remove 


Something can be done to 


these obstacles by following 
proper procedures 

Along with discussions of the sp 
cific phases of engincering-problem 
solution, which include discussions of 
the traits of the creative engineer and 
the creative supervisor, the book pro 
useful -refer 
ences and pertinent quotes. It re 
ceived the 1960 award of the Univer 
sity Press as the most significant new 


book by EJ1 


vides simple problems, 


i faculty member 


Tactual Coding of 
Cylindrical Knobs 


PB 161483. J V Bradley. Office of Technical 
Services, US Dept of Commerce, Washington 
25, DC. 8 x 11, 29 pp. $1. 


Tactual coding of knobs by use of 
bizarre shapes is frequently achieved 


it the ease of manipul 


and 


expense of 


tion precision, which appear, in 
many cases, to be optimal when knobs 
ire cylindrical. In to be able 


to maximize both discriminability and 


order 
manipulability, certain parameters of 
cylindrical knobs were investigated as 
Rim surface 


all found 


bases for tactual coding. 
diameter and thickness were 


to be useful for this purpose 


Properties of Alloys at 
Elevated Temperatures 

PEARL, KAPPELT ond KING, Bell Aircraft Corp 
PE-161761 (WADC Technical Report 59-702 
Part !). Office of Technical Services, Dept of 
Commerce, Washington 25, DC. 82 x 11 
250 pp. $4 


Properties of metal are lowered 
prolonged exposure to heat as well 
increased temperatures. In genera 
increase in temperature causcs 

The effect 

temperature and time was reported fo 
AM 355, PH 15-7 Mo 
HK31-H24, Udimet 500, Inconel X 
A286. Of the A286 


showed some improvement with tem 


greater strength drop. 
six materials 


and six, the 
perature because it age hardened. Also 
oft ad 


in temperature. 


its properties did not drop 
with 


presents 


rapidly increase 


Program high-temperature 
data for 


compre ; 


these matcrials in tension 


ion, bearing and shear 


Other Books of Interest 


Laboratories in the Classroom 
Center Inc, Div of Library 
of Science, 59 Park Ave South, NY 3. 5/2 
x 8, 96 pp. $1.45. 

Essays by 25 authorities discuss the needs 
and the means being applied to sotisfy them 


Science Materials 


of American schools in science and mathe 


matical instruction 


Pasteur and Modern Science 
Rene Dubos. Doubleday & Co Inc, 575 Madi 
son Ave, NY 22. 4 x 7, 159 pp. 95¢. 

A biography published as part of a series 
for use on the teaching of scientific subjects 


Michelson and the Speed of Light 
Bernard Jaffe. Doubleday & Co Inc, 575 
Madison Ave, NY 22. 4 x 7, 197 pp. 95¢ 

Another biography in the same series men 
tioned above 


The Universe at Large 
Hermann Bondi. Doubleday & Co Inc, 575 
Madison Ave, NY 22. 4 x 7, 154 pp. 95¢ 
A discussion of cosmology and the steady 
state theory of the expanding universe by the 
proponent of this theory. In laymen’s terms 
continued on page 69 
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Mars, Inc. 
maintains product uniformity — 


is made of 


moder 


with (ss) Lorig-Aligner Self-Centering Rolls — 


Cooled slab of nougat rides the Stainless Steel belt to the cutting machinery uses USS LORIG-ALIGNER 
where it is slit to candy-bar width and cross-cut to length Type til Rolls to center Stainless Stee! 
belt carrying candy siab 


United States Stee! 
Room 2801, 525 William Penn Place 
Pittsburgh 30, Pa 


Mars, inc. produces millions of candy bars a day and USS LORIG-ALIGNER 
Self-Centering Rolls help maintain uniformity from bar to bar 
At Mars, a steady stream of warm candy pours from the mixers onto a 32 


wide x 150’ long Stainless Steel belt moving at high speed. At this point, the candy Ptense send + 


Se/f-Centering R 


v 


is formed into a continuous slab of nougat that has been accurately sized to a 
width and thickness. Solidification then takes place as the slab is carried through 
a refrigerated muffle. As it leaves the delivery end of the muffle and is discharged — 
from the belt, the slab of nougat is slit to candy-bar width and cross-cut to length 

Hour after hour this operation continues, with little variance in size. The 
answer to such uniform and unerring tracking lies in the USS LORIG-ALIGNER 
Self-Centering Rolls which carry the belt 

The self-centering action inherent in LORIG-ALIGNER Self-Centering Rolls Address 
compels the belt to travel in exactly the same path each revolution. Therefore, 


Company 


the slab of candy has no lateral movement because the belt's roll-established 
center-line does not weave, even though the cambered edges of the belt may show 
1 variation in travel. Such accurate control of belt travel assures increased 
production and yield, and lowers maintenance custs. 
USS LORIG-ALIGNER Self-Centering Rolls eliminate the need for expen 
sive roll-tilting mechanisms and complicated edge-travel sensing devices. There 
is no belt distortion with LORIG-ALIGNER Rolls because high belt tension United States Stee! Corporation — Pittsburgh 
is not necessary. USS LORIG-ALIGNER Self-Centering Rolls have many American Stee! & Wire — Cleveland 
applications, and we will be glad to tell you about them. Just mail the coupon National Tube — Pittsburgh 
for more information Columbia-Geneva Stee! — San Francisco 
USS and “LORIG-ALIGNER” are registered trademarks of United States Steel Tennessee Coal & iron — Fairfield, Alabama 
“MARS” is a registered trademark of Mars, Inc., Chicago, Ill United States Stee! Export Company 


United States Steel 
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FORMER DRIVE: The high speed operation of Gehl’s 
Cure-All Hay Conditioner caused failure of the 
roller chain drive 


PRESENT DRIVE: Both the limited space and high 
speed requirements were met with this Gates 
Super HC V-Belt Drive 


Gehl Brothers Manufacturing Company Finds 


Super HC V-Belt Drive handles speeds 


chain drive couldn't take! 


Roller chain drives on Gehl’s Cure-All Hay Con- 
ditioners “would not stand up under the speed of 
operation.” Yet conventional V-belts that would fit 
into the space available could not handle the working 
load for this outstanding line of forage harvesting 
equipment. 

The design problem remained a tough one until 
the introduction of the Gates Super HC High Capacity 
V-Belt early last year. Then the Gates Field Engineer, 
working closely with Gehl Engineers designed the new 
drive shown above 

The Super HC V-Belt Drive has eliminated need 
for shear pins and clutches, has increased efficiency, 


and lowered maintenance costs,” is the pleased report 
from Gehl personnel. 


Take advantage of Super HC on your equipment 

Whenever you have a drive change on a new 
model or are replacing belts or sheaves, let your Gates 
Representative show you how Super HC Drives can 
reduce sheave diameters 30% to 50%, drive space up 
to 50%, drive weight and cost as much as 20%. 

A handbook, “The Modern Way to Design Multiple 
V-Belt Drives,” is yours for the asking. Simply contact 
your Gates Representative listed in the Yellow Pages. 


TPA 505 


The Gates Rubber Company, Denver, Colorado 


Gates Rubber of Canada Ltd., Brantford, Ontario 


IF 


World's Largest Maker of V-Belts 


a 


Gates Super @2 V-Belt Drives :7.0. 2: 
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DESIGN LITERATURE 


Arithmetic of Computers Here it is a the NEW 


Norman A Crowder. Doubleday & Co inc 
575 Madison Ave, NY 22. 5% x 82, 472 
pp. $3.95 

A book for self-teaching the number sys 
tems used in electronic computers 
Tables of Higher Functions 
Jahnke, Emde, Losch. McGraw-Hill Book Co 
Inc, 330 W 42nd St, NY 36. 7% x 10, 318 


ne. $14 246 pages on gears 


and speed reducers 


ABSTRACTS 
FROM THE LITERATURE 


Designing Thermoplastic 


a 
Structural Components 
Describes two methods for predict 10) 
ing the load itt ne i yility of ther 
moplastics for an nbination of 
time and temperat reducers 
Designing Thermoplastic Structural Compo 
nents,” W. D. Harris, Dow Chemical Co; Fred 
erick McGarry, Massachusetts Institute of Tech 
nology. SPE Journal, Nov ‘60. Society of 
Plastics Engineers Inc, 65 Prospect St, Stam 
ford Conn 


stock gears 
Recent Developments 
in Fuel Cells 


This paper defin 
scribes some of their haracteristi 
and presents some of the problem 

’ ' sal gears 

which still remain to b lved befor ° specie’ 6 
the fuel cell can take its proper place 
as a leading energy-conversion devin 
Recert Developments in Fuel Cells,” Dominick 
A. Sema, Lowell Technological Institute, Lowell 
Mass. NEREM Conference, Nov ‘60 


Tests on Gear Oils 
The FZG test lu 
irdized method in W 


evaluate the 


The new OHIO catalog—246 CONTENTS: 

pages packed with useful engi- Speed Reducers 
neering data, sizes, ratings and e Reducer Classifications 
specifications on one of indus- e Engineering Data 
try’s most complete line of gears e Installation & 


Maintenance 
and s reducers. 
peed e Selection Chart 


e Reducers by type and size 


Gears 


oils for reduc 


" " ‘ 
sul ; : 


. hew convenient size . 
clearly indexed . . . spiral 
— = lay flat . ; pra 4 Sheed Mies tiie 
. ustra - + » Complete an e Rules for figuring 
unabridged. e Tooth Data 


WRITE FOR YOUR COPY TODAY! e Ratings 
- Please use your company Sprockets 
letterhead and specify e Engineering Data & Tables 
your title or occupation. 


OHIO GEAR CO. 


1417 East 179th Street « Cleveland 10, Ohio 
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another new smart 
exclusive . DESIGN LITERATURE 


exclusive | paper gives a brief survey of the 


apparatus, the test gears, and the 








procedure It describes also th 
criteria of failure and the evaluation 
of the results, taking into account not 
mly the load-carrying capacity but 
ilso the wear performance of an oil 
The repeatability and the scatteri 
range is discussed with respect to “ 
test conditions 

Scuffing Tests on Gear Oils in the FZG Ap 
poratus,” Niemann, Rettig, Lechner, Technische 
Hochschule Muchen American Society of 


washer base re 
& 
WINE NUES exc. 


* RUST-PROOF, CORROSION RESISTANT ZINC ALLOY AND BULLETINS 
© CUT ASSEMBLY TIME © CUT COSTS To obtain copies of literature de 


Integral wide diameter washer base eliminates need for seporate washer. You save OW, Smet . responding numbe 
assembly time and labor. Lower your inventory costs as well! These patented GRC 
ye eS Sy rma are highly suitable for all np | nut een eopeiaty 
lesirable for use with oversize bolt holes, adjusting slots, soft surfaces ° etter . : ‘ 
because of greater seating area. 14 thread sizes—#6 thru %”. In addition, GRC FILTER COMPONENTS & ASSEM 
has the most complete stock of standard and special wing BLIES—Catal 32 pp. Details perforn 
nuts and cap nuts in the widest range of styies and sizes. e PI aus Pp a 


ove 


"ou n h rist f filter media and 


Write today for samples, prices and 


. tk 4 em pi iC pecincation im 
detailed fastener catalog. [ Cie jae niet al aids ainsi 


GRIES REPRODUCER CORP. Formula nd help determin 


World's Foremost Producer of Small Die Castings (em (ZS envelope e, pressure loss and capacity 
159 Beechwood Ave., New Rochelle, N. Y NEw Rochelle 3-8600 = eel F n Ave. Cald 





CIRCLE 204 ON READER SERVICE CARD ; : 
—— — Circle 350 on Reader Service Card 


SNAP-ACTION SW TITCHES—Catalos 
11] 32 pp. Discuss urrents, contact 
ind loads; defines switch terms; and offer 
performan data and dimensional draw 
ings of cl to § ensitive, miniature 
subminiature heavy-dut ind enclosed 
limit switches and actuator Licor 

l W ork 6606 W 

34 

Circle 351 on Reader Service Card 


VERNITRON 3-MINUTE CONTROL SYNCHROS: = Groove Pins & Drive sruDs 


tal DI Ira drilled-hole tol 
DELIVERED ON REGULAR ' sor sength, man totem, bn 
PRODUCTION BASIS Ereney Sune nrg arb rare 


ALL SIZES—11 through 2 
ALL TYPES Transformer Transr 


fferent Transmitter Thru-t > and . : | i ‘ sroov-Pin ¢ orp 1] 
fard j ndr usewa Ridgeheld, NJ 
ALL ENGINEERED & MANUFACTURED TO | Circle 352 on Reader Service Card 


689 FX 1OAS4 





ind tabuk 


ALL AVAILABLE WITH MAXIMUM ELEC- i VIBI RGI ASS YARN 
TRICAL ERROR OF © 3 MINUTES! A major . “> \, 12 pp. Describe 
ig ate oe eee facture from raw mat 


. of yari textile fiber 
WRITE, WIRE, PHONE f yam and tex 
NOW for complete " erties of fiberglass with asbeste 
price, delivery and nvion and Dacron. Johns-Manville 
specification data; Glass Div lextile Glass Dept 
ook fer sew Madison Ave., Toledo I, Ohio 
Vernitron Catalog 


ERNITRON 052% 
NAME IN PRECISION 
orm FO nm, SERVO COMPONENTS SLIPPABLE FLUID CLUTCHES—Br 


19 Old Country Rd. Carle Place nN. Y Ptenees 1-4130 TWX: G-CY-NY-1147 chur pp. labulates specihcations and 
West Coast Plant: 1742 S. Crenshaw Bivd., Torrance, Cal.—F Airtax §-2504 @ TWX: TNC-430! rt 
- -_ omen 


Circle 353 on Reader Service Card 








continued on page 
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TORRINGTON 
Spherical Roller 
Bearings Offer: 


There’s a Torrington Spherical Roller conformity of rollers to 
Bearing for your application 


Bearings matched exactly to the job pay off in better performance, longer life, 


greater reliability. That's why it pays to specify carefully. And that’s why it pays 
to choose Torrington Spherical Roller Bearings. 


Whatever your space limitations or capacity requirements, the five series of 
Torrington Spherical Roller Bearings provide the right bearing for virtually every 
industrial application. You can design for straight bore or tapered bore with 


adapter. You can benefit from extra features such as lubrication groove and oil 
holes, or selected outside diameters. aE 

Your use of Torrington Spherical Roller Bearings will assure exceptional opera- service life 
tion and longer bearing life under the toughest conditions. They're made to Send for new Torrington 
Torrington’s own uncompromising standards—the highest in the field of anti-fric- Spherical Roller Bearing 


Catalog +258 


tion engineering—by the manufacturer of every basic type of anti-friction bearing. 











progress through precision TORRINGTON BEARINGS 
THE TORRINGTON COMPANY South Bend 21, Indiana « Torrington, Conn 
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Buy from America’s biggest selection of 
widths, weights, materials, styles, solid 
colors and patterns . all at low 


STANDARD PRICES. 


No matter what product you make that 
requires webbing, we'll wager we have 
the exact width, weight, style and color 
you require. And . . . we can probably 
sell it from our STANDARD price list, 
too not a SPECIAL price list, as 
happens with most manufacturers. We 
are America’s oldest manufacturer of 
webbings. Huge line includes rayon, 
nylon, dacron, dynel, cotton, jute, 
combed peeler mercerized and high 
tensile webbings. Let us send you 
the facts! 


Send for LITERATURE, 
SAMPLES, and PRICES 


If possible, send us sample to 
natch. Send for Free Folder. 


BUFFALO stitic'co. ine 


206 CHANDLER STREET 


BUFFALO. 7, NEW YORK 


We alse manufacture o complete line of WOVEN COTTON 
CONVEYOR BELTING and PURE SHEET RUBBER 


CIRCLE 72 ON READER SERVICE CARD 


A complete 
OIL-DYNE 
hydraulic 

unit could 

fit on this 
page — with 
room to spare! 


If you still believe that hydraulic units must be big and bulky 
you just haven't seen Oil-Dyne’s miniature power package 
And if you think the motor or pump must run constantly, you 
haven't heard that an Oil-Dyne motor and pump run ONLY 
while the cylinder piston is in motion. Perhaps, too, you 
didn’t know that Oil-Dyne has eliminated all the complex 
external valving for directional control and that when 
you shut off an Oil-Dyne reversible pump, the piston ts auto 
matically locked in position, and stays there indefinitely. Just 
to make sure you're aware of what's happened in hydraulic 
since Oil-Dyne pioneered miniaturization, you ought to write 


for our Catalog 21-1 


PIONEERING MINIATURIZED HYDRAULIC ACTUATION 


* OIL=DY INE inc. 


'  2115Z West Marquette Road * Chicago 36, Ill. 


PUMPS @ CYLINDERS @ VALVES 
PRESSURE SWITCHES @ ACCESSORIES 


CIRCLE 205 ON READER SERVICE CARD 








USE 
THE 
READERS 
SERVICE 
CARD 


for: 
additional product 


information 


copies of catalogs 


& bulletins 
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DESIGN LITERATURE continued 


shows dimensional drawings and speed 


urves of six self-contained, clutch and 
speed-control models Hydraulics It 
1831 S Boulevard, Parsons, Kan 


Circle 354 on Reader Service Card 


SPEED 
1000, 4 pp 
genetaging, 
generators 


MEASUREMENT - Bulletin 
Explains operation of self 
tachometer 

Chart deter 

mines rpm range for specific drive ratio 


3-phase “electric 
and indicators 
from 35 to 35 
ment Co, 1092 


000 rpm. Meriam Instru 
0 Madison Ave, Cleveland 


Circle 355 on Reader Service Card 


FANS & BLOWERS 


proximate ly 147 PP 


Handbook ap 


Contains typical 


motor-performance curves and standard 


flange drawings of eight blower 
Selection 


0 to 2 in. of 


series 


performance from 


I 
static 
from 0 to 2200 cfm 
Research Div, Benson Mfg Cx 
Kansas City 27 Mo 


Circle 356 on Reader Service Card 


charts cover 


water pressure and 


1irflows Dean & 
Benson 


1811 Agnes, 


SILICONE 
Booklet 


materials 


COATINGS FOR PAPER 
CDS-27{ 16 pp 
applications hemistry 
M is 
graphs, curves and charts give adhesion 
data. Sil 
one Products Dept, General Electric C 
Waterford, NY 
Circle 357 on Reader Service Card 


De ™ ribe Ss 
and 


release properties than 20 photo 


resiliency and _ tensile-strength 


PLASTIC 


llustrates 


KNOBS—Catalog 8 


and gives specifications for mor¢ 


than 110 molded knobs for mechanical 
lectrical and electronic use, appliance 


feet, instrument cast multipurpose 
Harry Davi Idin o, 14 
N Wells St, Chicage 


Circle 358 on Reader Service Card 


handles 


Pamphlet 


BRAZING TECHNIQUES 
+ pp Contains 2 
ft how brazing ha 


illustrated case studi 
solved problem 
ind dissimilar metals 


Harman, 82 Fulton St, New 


joining both similar 
Handy & 
York 38 


Circle 359 on Reader Service Card 


SEMICONDUCTOR STRAIN GAGES 
Bulletin K-101, 4 pp 


tabulates characteristics of 


Describes and 
large output 


factors Kulite 
Hunt St. Newton 58 


gages 


Bytrex Corp, 50 
Mass 


Explains gage 


Circle 360 on Reader Service Card 


ELECTRODE 
Ss pp 
and prices of 
sulated 
trical leads 


GLANDS—Catalog 960 
Covers dimensions, electrical ratings 
and all-Teflon in 


pressure-sealing ele 


ceramic 
glands for 
Pictures standard and special 
models. Conax Corp, 2300 Walden Ave 


Buffalo 25 
Circle 361 on Reader Service Card 


GRAPHITE & CARBON FELTS—Bul 
letin 104, 2 pp 
woven forms of flexible graphite and car 
bon 


Discusses uses for non 


labulates permeability, resistance, 
density, strength, gage and weight at room 
temperature. National Carbon Co, 270 
Park Ave, New York 17 

Circle 362 on Reader Service Card 


LINE STRAINERS—Bulletin J-LS, 4 pp 
Contains performance tips, mesh-selection 
guide and specifications of 16 steam and 
liquid dimensions, 


strainers Includes 


particle-retention capabilities and ratios of 
nside 


6013 


screen open area *% 
OPW-Jordan 
Cincinnati 13 

Circle 363 on Reader Service Card 


p'pe¢ area 


Wiehe Rd 


( orp 


SERVOAMPLIFIERS—Catalog 
16 pp 
saturable 


S-1169 
Presents specifications of push-pull 
all-magnetic, 


transformers and 


transistor magneti transistor servo and 


miniature amplifiers. Includes application 
data and schematics on closed-loop 1- and 
2-speed systems and signal imput require 
ments for servoamplifier-motor combina 
Magnetic Amplifiers Div, Siegler 
Corp, 632 Tinton New York 55 
Circle 364 on Reader Service Card 


tions 


4 
ive, 


CONTROL J170-1 
5 pp operating 
haracteristics and pressure and tempera 
f sliding-gate, diaphragm 
l'abulates 


VALVES—Catalog 
Gives applications 
ture limitations 


ontrol valves recommended 
capacities for saturated steam; water and 
other 


Wiehe 


other liquids; and air and 


OPW -Jordan Corp, 6013 


gases 
Rd, 
Cincinnati 13 


Circle 365 on Reader Service Card 


COATED INSULATION MATERIALS 
Brochure, 6 pp Describes Class A coated 
onstructions for 221 F applications, in 

cotton cloths, silks 

Lists 


conformability 


luding varnish-coated 


invas and paper types, colors 


thicknesses and electri 


ind tensile strengths Irvington Div 
Minnesota Mining & Mfg Co, 900 Bush 
Ave, St Paul 6 


Circle 366 on Reader Service Card 


ELECTRICALLY AND _  AIR-OPER 
ATED C-CLAMPS—Bulletin 91029, 4 
pp. Contains dimensional drawings and 
specifications of average- and heavy-duty 
Airmatic Valve Inc, 7313 
Ave, Cleveland 9 

Circle 367 on Reader Service Card 


series Associate 


MICROMINIATURE RELAY—Bulletin 
| p. Lists specifications and applications, 
and includes schematics. Filter Inc, Port 
Washington, NY 


Circle 368 on Reader Service Card 


FILTER REGULATOR 
A, 2 pp 


Bulletin 1111 
Contains performance curve, 
applications and 


specifications, cutaway 
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drawing of 250 psi inlet-pressure regulator 

Rockwell Mfg Co, Meter & Valve Div 

400 N Lexington Ave, Pittsburgh 8 
Circle 369 on Reader Service Card 


EPOXY ADHESIVES—Data sheet, 2 pp 


Describes and gives curing times of six 


types. Lists resin mixes and properties of 
cured resin. Isochem Resins Co, 221 Oak 
St, Providence 9, RI 


Circle 370 on Reader Service Card 


INSPECTION LIGHTS—Bulletin, 4 pp 
Describes and illustrates 12 types, includ 
ing prefocused and adjustable-focus lights 
and lights 


lenses or rotatable mirrors 


combined with magnifying 
Also lists elec 


of 14 
Inc, 172 


trical characteristics and dimensions 
miniature lamps. Welch Allyn 
Jordan Rd, Skaneateles Falls, NY 

Circle 371 on Reader Service Card 





FOR MORE CATALOGS 
AND BULLETINS 

1600 of 
of Product Engineering’s Mid-Sep 
1960 Digest 
will find helpful design literature, 
different 
ings, from important manufacturer 


em—see youl Copy 


Design There you 


classified under 10 head 


and supplies of components mate 


rials, power and control systems 


manufacturing processes 











Z 
/ REPRINTS 


Reprints currently available without 
Reader Serv 
Sing| 


+ 


harge 
ire listed on the Card 
bound in this issu 
quantity prices on reques 
The following special reports are ava 


} trom 


ible aS 
Reader Service De pt 
ing, 330 W 42nd St 


Please 


long as the supply lasts 
Product Engineet 
New York 36 
with order we 


enclose remittance 


pay postage 


R77—The New Mathematics $2 


Combined reprint of 18 articles with 
overage in depth on the latest math tool: 


of systems engineering, 64 p 


R48—Reinforced Plastic Parts $2 


Combined reprints of 11 articles giving 


design data on the seven processes for 


ommercial parts, 64 p 


$1.50 
Series of 14 articles with design data on 


R69—Human Engineering 


man-machine problems and human dimen 
sions; plus bibliography, 44 p 
R76—Creativity $1 
Combined reprint of 10 articles on th 
facts behind the fad. 32 p 


continued on page 7° 
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SPRINGS 
ON YOUR 
MIND? 


— 


e Your next thought should 


be of the Spring Engineers at . 
John Chatillon & Sons. Send | 





them your blueprints and spe- 
cifications for study and 
recommendation. 


e With more than 120 
years of experience and knowl- 
edge at their command, they 
can provide you with the exact 
spring you require —on time, 
at competitive prices. 


¢ Chatillon has thc trust of 
the largest users of springs in 
the world because of the | 
Chatillon reputation. an 
sider impossible. 


e Next time, benefit by the 
thorough knowledge of 
Chatillon Spring Engineers. 
They'll be glad to help you. 


Send your blueprints to: | 
LeDepartment.D-2, —" 7 





SPRING DIVISION 
48 FRANKLIN ST a 





Index of 


PRODUCTS 
ADVERTISED 


In This Issue 


After readin he vertiaem “ 
classified belue WORI pt 
TAILED iNFORM ATION ahou 
these products can be obtained by 
using the. RE 1DER SBRVICE 
CARD 


A 
Actuators 
Mechanical 
Aluminum Coated Sheet & Strip (see 
Stee!, Coated) 


Bearings 
Ball 
Roller 

Belts, V . 

Bushings 


Bushings, Strain Relief 


Cc 
Chains 
Conveyor 
Roller 
Chemical Treatments 
Coatings 
Conveyor Beits 


Decalicomanias 

Die Castings 

Drives 
Mechanical 


Engines 


Fabrics 

Fastening Methods 
Feit 

Fibre Glass 

Film, Plastic 


Gears 


Graphic Charts 


Hydraulic Fluids 


Motors, A-C 
Fractional! 
integral .. 
Sub-Fractional 

Motors, D.C 
Fractional 
Integral .. 
Sub-Fractional 


4th Cover 
4th Cover, 5.7 
26 


4th Cover 
4th Cover, 5-7 
26 


Name Plates 
Nuts 


Power Packs 
Hydraulic ss 
Pumps 


Liquid 2nd Cover 


s 

Seals .. 
Servomechanism Components 
Speed increasers & Reducers cooe @ 
Springs 74 
Sprockets , & 
Steel 

Coated 2 

Stainiess 67 


3rd Cover 
70 


Wire Cioth 


How To Get Things Done 
Better And Faster 


BOARDMASTER VISUAL CONTROL 


\ Gives Graphic Picture—Soves Saves 
Money, Prevents Errors 

‘- Simpie to operate—Type or Write on Cards 
Snap in Grooves 
ideal for Production, 
Scheduling, Sales, Etc 
Made of Metal. Compact 
Over 500,000 in Use 


Full price $4g5° with cards 
FREE 24-PAGE BOOKLET NO. DE-30 
Without Obligation 
Write for Your Copy Teday 


GRAPHIC SYSTEMS 


YANCEYVILLE, NORTH CAROLINA 
CIRCLE 206 ON READER SERVICE CARD 


Time, 


Traffic Inventory 


and Attractive 

















EMPLOYMENT 
OPPORTUNITIES 


DISPLAYED RATE 


he advertising rate ise $37.00 per 
for all advertising appearing 
Frequency 


than contract casis 


quoted on request 


UNDISPLAYED RATE 


$2.10 per line, minimum 8 lines. Position 
Wanted ads in this etyle % the above 
rate. T figure advanced payment count 6 


average words to a line 








DESIGN STYLIST 


Position requires experience in styling 
product designs. Preferably in office fur 
niture and equipment field. Well estab 
lished company in Ohio. Send detailed 
resume and salary requirements to 

P.5718, Product Engineering 
520 N. Michigan Ave., Chicago I 








When Answering 
BOX NUMBERS . 


to expedite the handling of your ememeet, 
ence and avoid sion, please do not 
address a single reply to more than ono 
individual box number. Be sure to address 
seporate replies for each advertisement. 
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REPRINTS continued 


R66—The European Engineer Talks $1 
The challenge to American proficiency in 
design from interviews with technical 


directors in six countries 24 Pp QUALITY TRANSFER MAMEPLATES “ J U u T Pp U R LI a we E D ! 


R16—Plate Cam Design $1 a) 
Series of articles with complete design a ° v4 Meyercord Directory a) 


data; curve blending and profile synthesis ; <a 


to reduce inertia, 48 p QUALITY TRANSFER 
R65—Reading, Writing, Reporting $1 NAMEPLATES 


Combined reprint of: 5 steps to faster 


cading: 8 steps to better writing: 7 steps for every surface 


to better reporting, 24 p and Poeelilelhateti | 
R46—Manual of Reliability 50¢ > <\ os 


Ilow to design for reliability, human fa 





tors, statistical tools; implementing the 


oa - ' = a important Facts for your Design 
program, 9. p Handy Check Chart clarifies . 
R78—Ball Bearings 50¢ selection of proper types and Production Departments 
ERRAND CX JO COMMENT one gnect Meyercord produces many different types of Decal Transfers to satisfy 
the requirements of a wide variety of surfaces and conditions. Available 
R41—Design by Digital Computers 50¢ now are Meyercord types that resist abrasion ... resist weathering .. . 
How to choose and operate desk-size prot and a full selection of heat resistant decals. Some types perform dual 
lem solvers, 12 p functions. It is important to you to know the characteristics of each of 
R22—Engiacering Organization 2¢ these Performance Rated transfers. To provide this information in con- 
densed and useful form, Meyercord now offers a new brochure covering 
the entire subject. It's yours upon request. 


sion types tabulated and compared 16 p 
| | | 


Study of 50 companies shows changes 


large and small companies, 24 p 


R21—Engineer’s Bookshelf ; Write today ... on company letterhead, please 
\nnotated bibliography of technical bo 


for the design engineer + p the MEYERCORD CO. Dept. X-318, 5323 W Lake Street, Chicago 44, !!! 


R75—Radiant Cooling 


Design techniques and new emissivity d: CIRCLE 207 ON READER SERVICE CARD 
R74—Right-angle Gears 5 
Detailed guide to all 16 available types 


4 y Heyco 
R73—Digital Readouts 25¢ NEW wx y 
How they work; how to choose onc lWhala Nylon 


R71—How to Design Nomographs 25¢ * Uy WP . “t AIN RELIEFS 
Simple step-by-step guide to best method \ Be eeulatind bushing ; 
a : . >< that anchors a cord se 
R68—Encapsulating Systems 25¢ e to an electrically oper f 


Comparison and selection of basic systems L sted machine or appl 
i 
| 
\ 
\ 
! 
' 
' 
! 
! 
' 
! 
! 
' 
' 
1 





R67—Heat Protectors for Motors 25¢ — en... 
<>: 


ance VY, 
YW) YY, 
—- SS EIEErepIEteD 


Response and accuracy of inherent types 


JUNCTION-TERMINAL | 
BUSHINGS 


Eliminate ‘‘pig-tails’’ — Miniature 
size. Snap-in assembly, color o 
number coded. Can be used as 
plug-in receptacie. Simple quick 
disconnect 


R62—High-speed Photography 25¢ 
How it can solve design problems 

R53—Significance of WK" 25¢ 
Selecting Motors for high inertia loads 


NOW! Synth: tic Fiber Felts and Wool Felts 
designed for exacting, 
special applications! ‘ Fit curved surfaces 
NOW! Available CUT to meet your specifications! ! Nylon bushing — brass tab 
NOW! Large diversified inventory insures 
prompt delivery! HWEYCO 


“Available in all weights, NYLON 
widths, colors, etc. and > 1%" to 
made to S.A.E. and Federal | Jeers 10 Sizes tor nate oe ins ide 
Gov't. Specifications. ee 1%" dis.—¢ 





diameters 


panels up to 56” thick 


= 
——_ 


Gy) 


| BUSHINGS -OF 
ie dell] Ma‘ le) iq: 


HEYMAN 

This model has a small gasoline anxil aps sry | MANUFACTURING COMPANY 
iary motor in case of a power failure.’ “ ee KENILWORTH 2, NEW JERSEY 
CIRCLE 208 ON READER SERVICE CARD _ 
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MOLDED 
FIBER 
GLASS 


¥ cuts tooling time 50% 
¥ cuts tooling costs 80% 
¥ Cuts weights up to 40% 


Aircraft * 
luggage ° 
container * 


Delivery 
scooter 


MOLDED FIBER GLASS products are 
strong, impact-resistant, lightweight, 
rust-resistant, corrosion-resistant, 
dielectric, beautiful . . . and eco- 
nomical! 

The Molded Fiber Glass Body Com- 
pany specializes in the matched- 
metal-die molding of large parts for 
the transportation and agricultural 
industries 

Write today for literature and de 
tailed information on custom mold- 
ing your products of MOLDED FIBER 
GLASS or send drawings. 


. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 


* Agricultural 
spray tank 





Truck cab 


GREATEST wa 
bal 
OLOEO 7 


Body Company 


4623 Benefit Avenue, Ashtabula, Ohio 
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EDITORIAL REPRINTS AVAILABLE P62—-FRICTION COEFFICIENTS 


(Single reprints free, additional copies 6 for $1 


PNEUMATICS SIMULATES P56—TAPERED CANTILEVER BEAMS P464—-BENDING GAGE 
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STRONG ALUMINUM ALLOYS HELICAL GEARS 
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NEW DRAWING SYSTEM 
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QUALITY 
CONTROL 


You get better, more uniform oil seals as a 
result of National’s 4-part quality program 


New Seal Design 
Incoming Materials 
In-Process Control 
Quality Assurance 


© 


In these four separate areas National follows rigid quality 
control mandates. 

Quality Control Managers and teams reporting directly to 
National’s General Manager work with Engineering to establish 
AQL’s~— Acceptable Quality Levels—for all new products. 

They supervise careful inspection of all raw materials in 
National Seals. They provide production inspection, monitoring 
performance of Manufacturing and developing new methods 

of in-process control. And finally, Quality Assurance, which is 
the periodic, random re-testing of production parts 

For dependability in seals, and the nation’s finest oil seal 
engineering help, call your National Seal Applications Engineer 
(Yellow Pages under “Oil Seals”) or write direct. 


N ATI O N A & Ss EA ® DIVISION, FEDERAL-MOGUL- BOWER BEARINGS, INC 


GENERAL OFFICES: Redwood City, California 
PLANTS: Van Wert, Ohio; Redwood City and Downey, California 
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WHATS 
INIT 
é FOR 


YOU! 


BEARING DESIGN OF 
EMERSON ELECTRIC MOTORS 


ls Self-Oiling, Self-Aligning to assure 
Free Starting and Smooth Operation 
at all times The bronze bearing in Emerson 


Electric Motors has thousands of tiny cells that cause the 
bearing to act as a metal sponge and feed the shaft journal 
a controlled flow of lubricant. In cooling, it draws off excess 
oil to give free starting at low temperatures. Self-Alignment 
minimizes friction and greatly increases motor life when 
you install Emerson Electric Motors in your appliances 
and equipment. Emerson Electric Motors are custom 
engineered to meet your specific needs. Call us today 


you'll like our way of doing business! 


-EMERSON ELE 


OEPT M21, 8100 FLOR 


CTRIC of St.Louis + Since 1890 
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